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TETRACYCLINE COMPOSITIONS

RELATED APPLICATIONS

This application is a division of U.S. application Ser. No.
13/654,018 filed Oct. 17, 2012 which is a continuation of
International Application No. PCT/US2011/036351 filed on
May 12, 2011, which claims priority to U.S. Provisional
Application No. 61/392,304 filed Oct. 12, 2010, and to U.S.
Provisional Application No. 61/334,106 filed May 12, 2010,
the contents of which are incorporated herein by reference in
their entireties.

FIELD OF THE INVENTION

The present invention relates to tetracycline compositions
and methods for preparing and using the same. Some embodi-
ments include a tetracycline with an excess of a divalent or
trivalent cation.

BACKGROUND OF THE INVENTION

Tetracyclines are used as broad spectrum antibiotics to
treat various bacterial infections, such as infections of the
respiratory tract, sinuses, middle ear, urinary tract, and intes-
tines, and can be used in the treatment of gonorrhoea, espe-
cially in patients allergic to p-lactams and macrolides. Tetra-
cyclines interfere with the protein synthesis of Gram positive
and Gram-negative bacteria by preventing the binding of
aminoacyl-tRNA to the ribosome. The action of tetracyclines
is bacteriostatic (preventing growth of bacteria) rather than
killing (bactericidal).

Tetracyclines degrade rapidly to form epitetracycline,
anhydrotetracycline, epianhydrotetracycline, and other deg-
radation products. Once degraded, tetracyclines have small
therapeutic value, since the degradation products have no
therapeutically useful activity. Degradation begins as soon as
the antibiotic is in solution, and continues until reaching an
equilibrium of antibiotic and epimer concentrations. The
equilibrium point is temperature and pH dependent, with
more epimer being formed at higher temperatures and lower
pH. Oxidation and other side reactions cause further degra-
dation. Thus, tetracyclines can have a limited existence in
aqueous environments in their active form. Moreover, the
degradation products of tetracyclines are toxic and can cause
Fanconi syndrome, a potentially fatal disease affecting proxi-
mal tubular function in the nephrons of the kidneys.

There is a need to provide hospital staff with the flexibility
and advantages that come with longer admixture and recon-
stitution times without the need for refrigeration so that for
instance, a hospital pharmacist could prepare a solution the
day before it is needed. Furthermore, often after a natural
disaster such as hurricanes, earthquakes, or tsunamis, access
to refrigeration equipment can be scarce and may be further
impeded by the lack of electricity. Stable formulations of
tetracyclines could be stored as a solution, negating the need
for reconstitution, and allowing its use in inhalers or nebuliz-
ers for outpatient use.

In addition, some tetracyclines can cause tetracycline-in-
duced hemolysis. This hemolysis can lead to venous phlebitis
at the site of injection when administered intravenously,
resulting in irritation and potentially limiting the volumes of
infusion that can be tolerated. Thus, there is a need for for-
mulations of such tetracyclines that reduce the incidence of
hemolysis.
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2
SUMMARY OF THE INVENTION

The present invention relates to tetracycline compositions
and methods for preparing and using the same. Some embodi-
ments include a tetracycline with an excess of a divalent or
trivalent cation.

Some embodiments include pharmaceutical compositions.
In some embodiments the pharmaceutical compositions com-
prise an aqueous solution of minocycline and a divalent or
trivalent cation, wherein the molar ratio of divalent or triva-
lent cation to minocycline is greater than 2:1 and wherein the
solution does not comprise a pharmaceutically acceptable oil
and is suitable for intravenous administration.

In some embodiments the pharmaceutical compositions
comprise an aqueous solution of minocycline and a divalent
or trivalent cation, wherein the molar ratio of divalent or
trivalent cation to minocycline is greater than 2: 1 and wherein
the solution has a pH greater than 4 and less than 5 and is
suitable for intravenous administration.

In some embodiments the pharmaceutical compositions
comprise an aqueous solution of a 7-dimethylamino-tetracy-
cline antibiotic and a divalent or trivalent cation, wherein the
molar ratio of divalent or trivalent cation to 7-dimethylamino-
tetracycline antibiotic is greater than 3:1 and wherein the
solution does not comprise a pharmaceutically acceptable oil,
gluconate, or a pyridine-containing compound, has a pH
greater than 2 and less than 7, and is suitable for intravenous
administration.

In some embodiments, the solution does not comprise
polyoxyethylene hydrogenated castor oil.

In some embodiments, the solution does not comprise an
antioxidant.

In some embodiments, the solution does not comprise a
pyridine-containing compound.

In some embodiments, the solution does not comprise
nicotinamide.

In some embodiments, the solution does not comprise an
alcohol.

In some embodiments, the solution does not comprise
glycerol.

In some embodiments, the solution does not comprise
polyethylene glycol.

In some embodiments, the solution does not comprise glu-
conate.

In some embodiments, the solution does not comprise a
pyrrolidone compound.

In some embodiments, the solution does not comprise a
water-miscible local anaesthetic.

In some embodiments, the water-miscible local anaesthetic
is procaine.

In some embodiments, the solution does not comprise urea.

In some embodiments, the solution does not comprise lac-
tose.

In some embodiments, the solution does not comprise a
dehydrating agent. In some embodiments, the dehydrating
agent is selected from the group consisting of ethyl acetate,
acetic anhydride, absolute ethanol, ethyl acetate, acetic anhy-
dride, and mixtures thereof.

In some embodiments, the solution has a pH of less than 7.
In some embodiments, the solution has a pH ofless than 6. In
some embodiments, the solution has a pH of less than 5.

In some embodiments, the solution has a pH greater than 2
and less than 7. In some embodiments, the solution has a pH
greater than 4 and less than 7. In some embodiments, the
solution has a pH greater than 4 and less than 6. In some
embodiments, the solution has a pH greater than 4 and less
than 5.
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In some embodiments, the molar ratio of divalent or triva-
lent cation to minocycline is greater than 3:1. In some
embodiments, the molar ratio of divalent or trivalent cation to
minocycline is greater than 5:1. In some embodiments, the
molar ratio of divalent or trivalent cation to minocycline is
greater than 8:1. In some embodiments, the molar ratio of
divalent or trivalent cation to minocycline is greater than 10:1.

In some embodiments, the osmolality of the solution is less
than 500 mOsm/kg. In some embodiments, the osmolality of
the solution is less than 400 mOsm/kg. In some embodiments,
the osmolality of the solution is less than 350 mOsnv/kg.

In some embodiments, the concentration of minocycline is
at least 1 mg/ml. In some embodiments, the concentration of
minocycline is at least 5 mg/ml. In some embodiments, the
concentration of minocycline is at least 10 mg/ml.

In some embodiments, the solution comprises magnesium
sulfate. In some embodiments, the solution comprises mag-
nesium oxide. In some embodiments, the solution comprises
magnesium acetate. In some embodiments, the solution com-
prises magnesium chloride.

In some embodiments, the solution comprises a buffer. In
some embodiments, the solution comprises acetate.

In some embodiments, the solution comprises a base. In
some embodiments, the base comprises NaOH.

In some embodiments, the cation is selected from iron,
copper, zinc, manganese, nickel, cobalt, aluminum, calcium,
magnesium and gallium. In some embodiments, the cation is
selected from magnesium, calcium, and zinc. In some
embodiments, the cation is magnesium.

In some embodiments, the 7-dimethylamino-tetracycline
is selected from minocycline, PTK796, and a glycyleycline.
In some embodiments, the glycyleycline is tigecycline. In
some embodiments, the 7-dimethylamino-tetracycline is
minocycline. In some embodiments, the 7-dimethylamino-
tetracycline is PTK796.

Some embodiments include pharmaceutical compositions
comprising 10 mg/ml minocycline, MgCl,, and NaOH,
wherein the Mg to minocycline molar ratio is 5:1, and the pH
is greater than 4.5 and less than 5.5.

Some embodiments include pharmaceutical compositions
comprising 10 mg/ml minocycline, MgSO,, and sodium
acetate, wherein the Mg to minocycline molar ratio is 5:1, the
pH is greater than 4.5 and less than 5.5, and the osmolality is
greater than 275 mOsm/kg and less than 375 mOsm/kg.

Some embodiments include pharmaceutical compositions
comprising 10 mg/ml minocycline and Mg(C,H;0,),,
wherein the Mg to minocycline molar ratio is 5:1, and the pH
is greater than 4.5 and less than 5.5.

Some embodiments include pharmaceutical compositions
comprising 10 mg/ml minocycline, MgSO,, and NaOH,
wherein the Mg to minocycline molar ratio is 5:1, the pH is
greaterthan 4.5 and less than 5.5, and the osmolality is greater
than 150 mOsm/kg and less than 250 mOsm/kg.

Some embodiments include pharmaceutical compositions
comprising 5 mg/ml tigecycline, MgSO,, and NaOH,
wherein the Mg to tigecycline molar ratio is 5:1, and the pH is
greater than 5.5 and less than 6.5.

Some embodiments include pharmaceutical compositions
comprising 5 mg/ml tigecycline, MgSO,, and NaOH,
wherein the Mg to tigecycline molar ratio is 12:1, and the pH
is greater than 5.5 and less than 6.5.

Some embodiments include pharmaceutical compositions
comprising 5 mg/ml tigecycline, MgCl,, and NaOH, wherein
the Mg to tigecycline molar ratio is 5:1, and the pH is greater
than 5.5 and less than 6.5.
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Some embodiments include pharmaceutical compositions
comprising 5 mg/ml tigecycline, MgCl,, and NaOH, wherein
the Mg to tigecycline molar ratio is 12:1, and the pH is greater
than 5.5 and less than 6.5.

Some embodiments include pharmaceutical compositions
suitable for topical administration comprising 5 mg/ml tige-
cycline, MgSO,, and NaOH, wherein the Mg to tigecycline
molar ratio is 5:1, and the pH is greater than 6.0 and less than
7.0.

Some embodiments include pharmaceutical compositions
suitable for topical administration comprising 5 mg/ml tige-
cycline, MgSO,, and NaOH, wherein the Mg to tigecycline
molarratio is 12:1, and the pH is greater than 6.0 and less than
7.0.

Some embodiments include pharmaceutical compositions
suitable for topical administration comprising 5 mg/ml tige-
cycline, CaCl,, and NaOH, wherein the Ca to tigecycline
molar ratio is 5:1, and the pH is greater than 6.0 and less than
7.0.

Some embodiments include pharmaceutical compositions
suitable for topical administration comprising 5 mg/ml tige-
cycline, CaCl,, and NaOH, wherein the Ca to tigecycline
molarratio is 12:1, and the pH is greater than 6.0 and less than
7.0.

Some embodiments include water-soluble solid composi-
tions comprising minocycline or a salt thereof and a salt that
comprises a divalent or trivalent cation.

Some embodiments include water-soluble solid composi-
tions comprising a 7-dimethylamino-tetracycline antibiotic
or a salt thereof and a salt comprising a divalent or trivalent
cation, wherein the molar ratio of divalent or trivalent cation
to 7-dimethylamino-tetracycline antibiotic is greater than 3:1
and wherein the composition does not comprise gluconate or
a pyridine-containing compound.

In some embodiments, the molar ratio of divalent or triva-
lent cation to minocycline is greater than 1:1. In some
embodiments, the molar ratio of divalent or trivalent cation to
minocycline is greater than 2:1. In some embodiments, the
molar ratio of divalent or trivalent cation to minocycline is
greater than 3:1. In some embodiments, the molar ratio of
divalent or trivalent cation to the minocycline or the 7-dim-
ethylamino-tetracycline antibiotic is greater than 5:1. Insome
embodiments, the molar ratio of divalent or trivalent cation to
the minocycline or the 7-dimethylamino-tetracycline antibi-
otic is at greater than 8:1. In some embodiments, the molar
ratio of divalent or trivalent cation to the minocycline or the
7-dimethylamino-tetracycline antibiotic is greater than 10:1.

Some embodiments include compositions in the form of a
lyophile.

In some embodiments, the salt is magnesium sulfate.

In some embodiments, the salt is calcium chloride.

In some embodiments, the composition comprises sodium
acetate.

In some embodiments, the composition comprises NaOH.

In some embodiments, the salt is selected from magnesium
chloride, magnesium bromide, magnesium sulfate, calcium
chloride, calcium bromide, calcium sulfate, zinc chloride,
gallium chloride, magnesium malate, magnesium citrate,
magnesium acetate, calcium citrate, zinc acetate, and zinc
citrate.

In some embodiments, the composition does not comprise
an antioxidant.

In some embodiments, the composition does not comprise
a pyridine-containing compound. In some embodiments, the
composition does not comprise nicotinamide.

In some embodiments, the composition does not comprise
gluconate.
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In some embodiments, the 7-dimethylamino-tetracycline
is selected from minocycline, PTK796, and a glycyleycline.
In some embodiments, the glycyleycline is tigecycline. In
some embodiments, the 7-dimethylamino-tetracycline is
minocycline. In some embodiments, the 7-dimethylamino-
tetracycline is PTK796.

Some embodiments include methods for preparing a phar-
maceutical composition comprising dissolving the water-
soluble solid composition of any one of the water-soluble
solid compositions provided herein in water to form a solu-
tion

Some embodiments include methods for preparing a phar-
maceutical composition comprising dissolving a 7-dimethy-
lamino-tetracycline in a solution comprising a divalent or
trivalent cation.

Some embodiments include methods for preparing a phar-
maceutical composition comprising dissolving a 7-dimethy-
lamino-tetracycline in a solution comprising a divalent or
trivalent cation; adjusting the pH of the solution; and lyo-
philizing the composition.

In some embodiments, the 7-dimethylamino-tetracycline
is selected from minocycline, PTK796, and a glycyleycline.
In some embodiments, the glycylcycline is tigecycline.

In some embodiments, the pH of the solution is adjusted to
be less than 6. In some embodiments, the pH of the solution is
adjusted to be less than 5.

In some embodiments, the pH of the solution is adjusted to
be greater than 2 and less than 7. In some embodiments, the
pH of'the solution is adjusted to be greater than 4 and less than
7. In some embodiments, the pH of the solution is adjusted to
be greater than 4 and less than 6. In some embodiments, the
pH of'the solution is adjusted to be greater than 4 and less than
5.

In some embodiments, adjusting the pH comprises adding
an acid. In some embodiments, the acid is HCI.

In some embodiments, adjusting the pH comprises adding
a base. In some embodiments, the base is NaOH.

In some embodiments, adjusting the pH comprises form-
ing a buffer. In some embodiments, forming the buffer com-
prises adding sodium acetate.

In some embodiments, the divalent or trivalent cation is
selected from iron, copper, zinc, manganese, nickel, cobalt,
aluminum, calcium, magnesium and gallium. In some
embodiments, the cation is selected from magnesium, cal-
cium, and zinc. In some embodiments, the cation is magne-
sium.

Some embodiments include kits comprising a first con-
tainer comprising a diluent that comprises an aqueous solu-
tion of a divalent or trivalent cation; and a second container
comprising a solid composition soluble in the diluent,
wherein the solid composition comprises minocycline in an
amount such that the molar ratio of the divalent or trivalent
cation to minocycline is greater than 2:1.

Some embodiments include kits comprising a first con-
tainer comprising a diluent that comprises an aqueous solu-
tion of a divalent or trivalent cation; and a second container
comprising a solid composition soluble in the diluent,
wherein the solid composition comprises a 7-dimethylamino-
tetracycline antibiotic in an amount such that the molar ratio
of the divalent or trivalent cation to 7-dimethylamino-tetra-
cycline antibiotic is greater than 3:1.

In some embodiments, the diluent comprises an acid. In
some embodiments, the acid is HCI.

In some embodiments, the diluent comprises a base. In
some embodiments, the base is NaOH.

In some embodiments, the diluent comprises a buffer. In
some embodiments, the diluent comprises sodium acetate.
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In some embodiments, the pH of the diluent is greater than
pH 6 and less than pH 8.

In some embodiments, the divalent or trivalent cation is
selected from iron, copper, zinc, manganese, nickel, cobalt,
aluminum, calcium, magnesium and gallium. In some
embodiments, the cation is selected from magnesium, cal-
cium, and zinc. In some embodiments, the cation is magne-
sium.

In some embodiments, the molar ratio of divalent or triva-
lent cation to minocycline is greater than 3:1. In some
embodiments, the molar ratio of divalent or trivalent cation to
the minocycline or the 7-dimethylamino-tetracycline antibi-
otic is greater than 5:1. In some embodiments, the molar ratio
of divalent or trivalent cation to the minocycline or the 7-dim-
ethylamino-tetracycline antibiotic is at greater than 8:1. In
some embodiments, the molar ratio of divalent or trivalent
cation to the minocycline or the 7-dimethylamino-tetracy-
cline antibiotic is greater than 10:1.

In some embodiments, the 7-dimethylamino-tetracycline
is selected from minocycline, PTK796, and a glycyleycline.
In some embodiments, the glycylcycline is tigecycline. In
some embodiments, the 7-dimethylamino-tetracycline is
minocycline. In some embodiments, the 7-dimethylamino-
tetracycline is PTK796.

Some embodiments include methods of treating or pre-
venting a bacterial infection in a subject, comprising admin-
istering the pharmaceutical composition of any one of the
pharmaceutical compositions provided herein to the subject
via an intravenous route.

Some embodiments include methods of treating or pre-
venting a bacterial infection in a subject, comprising admin-
istering the pharmaceutical composition made according to
any one of the methods of preparing a pharmaceutical com-
positions provided herein to the subject via an intravenous
route.

In some embodiments, the intravenous administration
includes administering less than 200 ml of the composition.

In some embodiments, the intravenous administration
includes administering the composition in less than 60 min-
utes.

Some embodiments include methods of treating or pre-
venting a bacterial infection in a subject, comprising admin-
istering the pharmaceutical composition of any one of the
pharmaceutical compositions provided herein to the subject
via a topical route.

Some embodiments include methods of treating or pre-
venting a bacterial infection in a subject, comprising admin-
istering the pharmaceutical composition made according to
any one of the methods of preparing a pharmaceutical com-
positions provided herein to the subject via a topical route.

Some embodiments include compositions comprising
tigecycline and a divalent or trivalent cation, wherein the
molar ratio of said divalent or trivalent cation to said tigecy-
cline is greater than 1:1.

In some embodiments, the tigecycline and divalent or triva-
lent cation are in aqueous solution.

In some embodiments, the molar ratio of said divalent or
trivalent cation to said tigecycline is greater than 3:1.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a graph of percent hemolysis of rabbit red
blood cells incubated with various concentrations of minocy-
cline in various solutions relative to hemolysis in water, in
which the minocycline solutions formulated with divalent
cations were adjusted to ph 5.85.
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FIG. 2 shows a graph of percent hemolysis of rabbit red
blood cells incubated with various concentrations of minocy-
cline in various solutions relative to hemolysis in water.
FIG. 3 depicts a graph of rabbit RBC hemolysis caused by
minocycline formulated in different ratios of MgSO,.

FIG. 4 depicts a graph of rabbit RBC hemolysis caused by
minocycline formulated in different ratios of MgCl,,.

FIG. 5 depicts a graph of rabbit RBC hemolysis caused by
minocycline formulated in different ratios of CaCl,.

FIG. 6 depicts a graph for minocycline uptake by HVEC at
various concentrations of divalent cation.

FIG. 7 depicts a graph for minocycline uptake by HVEC at
various concentrations of divalent cation.

DETAILED DESCRIPTION

The present invention relates to tetracycline compositions
and methods for preparing and using the same. Some embodi-
ments include a tetracycline with an excess of a metal cation.
In some embodiments, the compositions have improved sta-
bility against both oxidative degradation and epimerization.
Some such compositions are therefore more stable when dis-
solved, lyophilized, reconstituted, and/or diluted than other
compositions. Some embodiments also provide compositions
having a lower level of tetracycline-induced hemolysis and
resulting phlebitis.

It was unexpectedly discovered that the incidence of tetra-
cycline-induced hemolysis can be greatly decreased by for-
mulating the tetracycline with divalent or trivalent cations. In
some embodiments, high molar ratios of divalent or trivalent
cations to tetracycline antibiotics significantly decreases
hemolysis.

It was also unexpectedly discovered that the stability of
aqueous solutions of tetracyclines can be greatly increased by
the addition of divalent or trivalent cations. In some embodi-
ments, the stability of aqueous solutions of tetracyclines
increase with higher molar ratios of divalent or trivalent cat-
ions to tetracycline. Indeed, some such solutions were found
to be stable for several weeks at 37° C.

In certain compositions, the solubility of a tetracycline
antibiotic is decreased in an aqueous solution comprising a
multivalent cation. It has been unexpectedly discovered that
increasing the molar ratio of multivalent cation to such tetra-
cycline antibiotics can increase the solubility of the tetracy-
cline. Accordingly, some embodiments described herein pro-
vide solutions of a tetracycline with improved solubility.

Compositions

Some embodiments include compositions comprising a
tetracycline antibiotic or a salt thereof in combination with a
divalent or trivalent cation. Tetracyclines include a family of
structurally-related compounds that may have broad-spec-
trum antibiotic activities. Examples of tetracyclines include
Tetracycline, Chlortetracycline, Oxytetracycline, Demeclo-
cycline, Doxycycline, Lymecycline, Meclocycline, Methacy-
cline, Minocycline, Rolitetracycline, Minocycline, Tigecy-
cline, Chlorocycline, Glycyleyclines, Aminomethylcyclines,
TP434, and PTK796, (also known as BAY 73-7388 and
MK2764). The structure of TP434 is provided below:
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In one embodiment, the tetracycline antibiotic is selected
from the group consisting of tetracycline, oxytetracycline,
doxycycline, chlorocycline, minocycline, glycyleyclines and
aminomethylcyclines. In one embodiment, the tetracycline is
a glycyleycline. In one embodiment, the glycylcycline is tige-
cycline. In one embodiment, the tetracycline is an aminom-
ethylcycline. In one embodiment, the aminomethylcycline is
PTK796, also known as BAY 73-7388 and MK2764. In
another embodiment, the tetracycline is selected from the
group consisting of tetracycline, minocycline, tigecycline
and PTK796. In one embodiment, the tetracycline antibiotic
is tetracycline. In one embodiment, of the invention, the tet-
racycline is minocycline. In one embodiment, of the inven-
tion, the tetracycline is tigecycline. In yet another embodi-
ment, of the invention, the tetracycline is PTK796. Some
embodiments include a salt of a tetracycline antibiotic.

In some embodiments, the tetracycline antibiotic is a
7-dimethylamino-tetracycline.  7-dimethylamino-tetracy-
clines contain an additional dimethylamino substituent at the
7-position on the four-ring core. The 7-position is indicated
on following numbered structure of minocycline:

Examples of 7-dimethylamino-tetracyclines include
minocycline, a glycyleycline (e.g., tigecycline) and PTK796.
Example structures of such compounds include:

Minocycline:
NMe,

Tigecycline:

CONH,, and
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-continued
PTK796:
NMe,

i

.

OH (6]

OH (6]

As used herein, “glycylcyclines” are 7-dimethylamino-
tetracyclines having an N-alkylglycylamido side chain at
position 9 of the four-ring core.

In some embodiments, the 7-dimethylamino-tetracycline
antibiotic has the structure:

NH,

or tautomers thereof, wherein:

R is selected from H, —(CH,) NHC(O)(CH,),R'°, and
—(CH,),R*°, where each n is independently an integer
from O to 3, and

R'? is selected from —NH—C, salkyl, —NH—C, .cy-
cloalkyl, and a saturated 4-to-7-membered heterocycle
containing one nitrogen atom, wherein if the connecting
atom of R'° is carbon, the nitrogen atom is optionally
substituted by C,-C,alkyl;

Y is CR? or N; and

R?, R? R* R’ R R7, R, and R® are each independently
selected from H, —OH, halogen, and C, _, alkyl; or

optionally R and R? together form a 6-membered aryl or
heteroaryl ring, optionally substituted by one or two
groups independently selected from H, R*, —OH, halo-
gen, and C, _, alkyl.

In some embodiments, each of R>, R* R®,R%, R’, R® and
R?® are hydrogen.

As used herein, “alkyl” refers to a straight- or branched-
chain moiety containing only carbon and hydrogen. Alkyls
may have any degree of saturation. Examples include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, and tertbutyl.

Asused herein, “cycloalkyl” refers to a ring or ring system
comprising only carbon in the ring backbone. Cycloalkyls
may include one or more fused or bridged rings. Cycloalkyls
may have any degree of saturation provided that at least one
ring is not aromatic. Examples include cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, and cyclohexenyl.

Asusedherein, “heterocycle” refers to aring or ring system
comprising at least one heteroatom in the ring backbone.
Heterocycles may include one or more fused or bridged rings.
Heterocycles may have any degree of saturation provided that
at least one ring is not aromatic. Examples include pyrroli-
dine, piperidine, piperazine, and morpholino.

As used herein, “aryl” refers to an aromatic ring or ring
system comprising only carbon in the ring backbone. Aryls
may include one or more fused rings. Examples include phe-
nyl and naphthyl.

As used herein, “heteroaryl” refers to an aromatic ring or
ring system comprising at least one heteroatom in the ring
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backbone. Heteroaryls may include one or more fused rings.
Examples include imidazole, oxazole, pyridine, and quino-
line.

Some compositions include at least one multivalent cation.
Multivalent cations include bivalent and trivalent cations,
e.g., metal cations. The metal cations include common mul-
tivalent metal cations. In some embodiments, the metal cat-
ions include iron, copper, zinc, manganese, nickel, cobalt,
aluminum, calcium, magnesium and gallium.

Some compositions include a salt that comprises the cat-
ion. In one embodiment, the salts are inorganic metal salts and
can include anhydrous, hydrated and solvated forms of the
salts. In another embodiment, the salts are organic metal salts
and include but are not limited to the anhydrous, hydrated and
solvated forms of the salt. In one embodiment, the anion in the
inorganic metal salts can include chloride, bromide, oxide,
and sulfate salts. In one embodiment, the organic metal salts
are those where the anion of the salt is selected from the
GRAS (generally regarded as safe) list such as but not limited
to acetate, citrate, gluconate, and malate salts. Suitable anions
may also be found in see Remington’s Pharmaceutical Sci-
ences, Mack Publishing Company, Easton, Pa. In some
embodiments, a composition can include more than one type
of metal cation. In some such embodiments, the anions for
each metal salt can be the same. In another embodiment, the
anions for each metal salt are different. In another embodi-
ment, the metal cation is included in the compositions pro-
vided herein as different salts of the same cation. In one
embodiment the metal salts are all inorganic. In another
embodiment, the metal salts are all organic. In yet another
embodiment, the metal salts are a combination of organic and
inorganic salts.

Examples of inorganic metal salts that may be included in
the compositions provided herein include magnesium chlo-
ride (including the hexahydrate), magnesium bromide, mag-
nesium sulfate (including the heptahydrate), magnesium
oxide, calcium chloride, calcium bromide, calcium sulfate,
zinc chloride, and gallium chloride. Examples of inorganic
metal salts that may be included in the compositions provided
herein include magnesium malate, magnesium gluconate,
magnesium citrate, magnesium acetate (including the trihy-
drate), calcium gluconate, calcium citrate, zinc gluconate,
zinc acetate, and zinc citrate. The salts described herein
include both their anhydrous and hydrated forms.

Some compositions provided herein include a tetracycline
and divalent or trivalent cation, e.g., metal cation at particular
molar ratios of divalent or trivalent cation to tetracycline. For
example, some embodiments include compositions compris-
ing a tetracycline and a divalent or trivalent cation, wherein
the molar ratio of said divalent or trivalent cation to said
tetracycline is greater than about 1:1. In some such embodi-
ments, the molar ratio of the divalent or trivalent cation to the
tetracycline is greater than about 2:1, greater than about 3:1,
greater than about 4:1, greater than about 5:1, greater than
about 6:1, greater than about 7:1, greater than about 8:1,
greater than about 9:1, greater than about 10:1, greater than
about 11:1, greater than about 12:1, greater than about 13:1,
greater than about 14:1, greater than about 15:1, greater than
about 16:1, greater than about 17:1, greater than about 18:1,
greater than about 19:1, greater than about 20:1, greater than
about 21:1, greater than about 22:1, greater than about 23:1,
greater than about 24:1, greater than about 25:1, greater than
about 26:1, greater than about 27:1, greater than about 28:1,
greater than about 29:1, and greater than about 30:1. In some
embodiments, the molar ratio is greater than about 35:1,
greater than about 40:1, greater than about 45:1, and greater
than about 50:1,
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In some such embodiments, the molar ratio of the divalent
or trivalent cation to the tetracycline is between about 1:1 to
about 30:1, between about 5:1 to about 30:1, between about
10:1 to about 30:1, and between about 20:1 to about 30:1. In
some such embodiments, the molar ratio of the divalent or
trivalent cation to the tetracycline is between about 1:1 to
about 50:1, between about 5:1 to about 50:1, between about
10:1 to about 50:1, and between about 20:1 to about 50:1.

In some embodiments, the relative amounts of metal cation
present in the compositions of the invention are those
amounts which are in excess of the 1:1 metal cation: a tetra-
cycline stoichiometry for each metal cation. In one embodi-
ment of the invention, the metal cation to a tetracycline molar
ratio ranges from 5:1 to 100:1. In another embodiment of the
invention, the metal cation to a tetracycline molar ratio ranges
from 5:1 to 50:1. In yet another embodiment of the invention,
the metal cation to a tetracycline molar ratio ranges from 5:1
to 30:1. In one embodiment of the invention, the metal cation
to a tetracycline molar ratio ranges from 5:1 to 10:1. In one
embodiment of the invention, the metal cation to a tetracy-
cline molar ratio ranges from 10:1 to 20:1. In one embodi-
ment of the invention, the metal cation to a tetracycline molar
ratio ranges from 10:1 to 15:1. In one embodiment of the
invention, the metal cation to a tetracycline molar ratio is 5:1.
In one embodiment of the invention, the metal cation to a
tetracycline molar ratio is 10:1. In one embodiment of the
invention, the metal cation to a tetracycline molar ratio is
12:1. In one embodiment of the invention, the metal cation to
a tetracycline molar ratio is 15:1. In one embodiment of the
invention, the metal cation to a tetracycline molar ratio is
20:1. In one embodiment of the invention, the metal cation to
a tetracycline molar ratio is 30:1.

Some compositions include carbohydrates in addition to a
divalent or trivalent cation. Suitable carbohydrates are those
carbohydrates capable of reducing degradation of the tetra-
cycline in at least one solid form prepared in at least one pH
environment when compared to a solid form of a tetracycline
prepared at the same pH environment lacking suitable carbo-
hydrates. In one embodiment, the pH environment ranges
from 3.0 to about 7.0, such as pHs ranging from about 4.0 to
about 6.5, from about 5.0 to about 6.5, and from about 5.5 to
about 6.5. In one embodiment, at least one solid form is
chosen from powders and lyophilized cakes of a tetracycline.
In another embodiment of the invention, carbohydrates are
those carbohydrates capable of reducing degradation of the
tetracycline in solution prepared in at least one pH environ-
ment when compared to a solution of a tetracycline prepared
at the same pH environment lacking suitable carbohydrates.
In one embodiment, the pH environment ranges from 3.0 to
about 7.0, such as pHs ranging from about 4.0 to about 6.5,
from about 5.0 to about 6.5, and from about 5.5 to about 6.5.

Suitable carbohydrates include mono and disaccharides
e.g. analdose monosaccharide or a disaccharide. Examples of
suitable carbohydrates include but are not limited to the anhy-
drous, hydrated and solvated forms of compounds such as
trehalose, lactose, mannose, sucrose and glucose. In one
embodiment of the invention, the carbohydrate is a disaccha-
ride. In another embodiment of the invention, the disaccha-
ride is trehalose, lactose or sucrose. In yet another embodi-
ment of the invention, the carbohydrate is lactose, including
its different forms such as anhydrous lactose, lactose mono-
hydrate or any other hydrated or solvated form of lactose. In
one embodiment of the invention, the carbohydrate is treha-
lose, including its different forms such as anhydrous treha-
lose, trehalose dihydrate or any other hydrated or solvated
form of trehalose.

10

15

20

25

30

35

40

45

50

55

60

65

12

In one embodiment of the invention, the suitable carbohy-
drate used is lactose monohydrate and the molar ratio of
tigecycline to lactose monohydrate in the lyophilized powder
or cake is between 1:0.2 to about 1:5. In another embodiment
of'the invention, the tigecycline to lactose monohydrate molar
ratio is between 1:1.6 to about 1:3.3.

Some compositions include an antioxidant. Antioxidants
can be used to prevent or reduce the oxidation of tetracyclines
either in solution or in the solid state. Examples of antioxi-
dants include ascorbic acid, citric acid, trehalose, butylated
hydroxyl toluene (BHT), butylated hydroxyl anisole (BHA),
sodium metabisulfite, d,1-a-tocopherol, and gentisic acid.

It will be appreciated that the compositions provided
herein can include aerosols, liquids, and solids. Solids can
include, for example, lyophilized compositions, such as pow-
ders, cakes, or the like. Such solids may be water soluble so
that they may be used to prepare aqueous solutions. Liquids
can include solutions or suspensions, which may be prepared
from solid compositions. Liquids include solutions that may
be prepared prior to manufacturing procedures such as lyo-
philization. In one embodiment, the solution may be stored
for several hours prior to lyophilization in order to provide
greater manufacturing flexibility. Liquids also include solu-
tions that are prepared by reconstitution for use in adminis-
tration to a patient. Some compositions include solutions
made from the lyophilized powder or cake by, for example,
reconstitution with saline or other pharmaceutically accept-
able diluents. Pharmaceutically acceptable diluents are those
listed by USP such as but not limited to water for injection,
saline solution, lactated Ringer’s solution for injection or
dextrose solution. Some compositions include solutions
resulting from diluting those reconstituted solutions with
pharmaceutically acceptable diluents for use in intravenous
bags.

In some embodiments, the pH of a liquid composition
provided herein, such as an aqueous solution, is between
about pH 2.0 to about pH 8.0, between about pH 2.5 to about
pH 7.5. In some embodiments, the pH of the composition is
between about pH 3.0 to about pH 7.0, between about pH 3.5
to about pH 6.5, between about pH 4.0 to about pH 6.5,
between about pH 4.0 to about pH 6.0, between about pH 4.5
to about pH 6.0, between about pH 4.5 to about pH 5.5,
between about pH 5.0 to about pH 5.5, between about pH 5.5
to about pH 6.5, between about pH 3.5 to about pH 4.5. In
some embodiments, the pH of the solution is less than pH 7,
less than pH 6, less than pH 5, less than pH 4, less than pH 3,
and less than pH 2. In some embodiments the pH of the
solution is greater than pH 2 and less than pH 7, greater than
pH 4 and less than pH 7, greater than pH 4 and less than pH 6,
and greater than pH 4 and less than pH 5.

In some embodiments, liquid compositions, such as an
aqueous solution, can have an osmolality from about 300
mOsmol/kg to about 500 mOsmol/kg, from about 325 mOs-
mol/kg to about 450 mOsmol/kg, from about 350 mOsmol/kg
to about 425 mOsmol/kg, or from about 350 mOsmol/kg to
about 400 mOsmol/kg. In some embodiments, the osmolality
of the formulation is greater than about 300 mOsmol/kg,
about 325 mOsmol/kg, about 350 mOsmol/kg, about 375
mOsmol/kg, about 400 mOsmol/kg, about 425 mOsmol/kg,
about 450 mOsmol/kg, about 475 mOsmol/kg, or about 500
mOsmol/kg. In some embodiments, liquid compositions can
have an osmolality from about 200 mOsmol/kg to about 1250
mOsmol/kg. In another embodiment, the osmolality is
between about 250 mOsmol/kg and about 1050 mOsmol/kg.
In another embodiment, the osmolality is between about 250
mOsmol/kg and about 750 mOsmol/kg. In another embodi-
ment, the osmolality is between about 350 mOsmol/kg and
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about 500 mOsmol/kg. In some embodiments, the osmolality
of'the solution is less than 500 mOsmol/kg, 450 mOsmol/kg,
400 mOsmol/kg, 350 mOsmol/kg, or 300 mOsmol/kg.

Some embodiments include an aqueous solution compris-
ing a tetracycline having a concentration of at least 1 mg/ml,
5 mg/ml, 10 mg/ml, 15 mg/ml, 20 mg/ml, 25 mg/ml, 30
mg/ml, 35 mg/ml, 40 mg/ml, 45 mg/ml, or 50 mg/ml.

Some embodiments include an aqueous solution compris-
ing a buffer, such as an acetate buffer (e.g., provided as
sodium acetate), wherein the acetate has a concentration of at
least 0.01 M, 0.02 M, 0.03 M, 0.04 M, 0.05M, 0.1 M, 0.15 M,
020 M, 0.25M, 030 M, 0.35 M, 0.40 M, 0.45 M, 0.50 M,
0.55M, 0.60 M, 0.65 M, 0.70 M, 0.75 M, 0.80 M, 0.85 M,
0.90 M, or 0.95 M.

Some embodiments include an aqueous solution compris-
ing a salt comprising divalent or trivalent cation, such as a
magnesium salt (e.g., magnesium chloride or magnesium
sulfate), having a concentration of at least 0.01 M, 0.02 M,
0.03M, 0.04 M, 0.05M,0.1 M, 0.15M,0.20M, 0.25M, 0.30
M, 0.35M,0.40M, 0.45 M, 0.50 M, 0.55 M, 0.60 M, 0.65 M,
0.70 M, 0.75 M, 0.80 M, 0.85 M, 0.90 M, or 0.95 M.

In one embodiment, liquid compositions, such as aqueous
solutions, have a permeant ion concentration from about 30
mM to about 300 mM. In another embodiment, the permeant
ion concentration is between 50 mM and 200 mM. In another
embodiment, the permeant ion is selected from the list con-
sisting of chloride and bromide. In another embodiment the
permeant ion is chloride. In another embodiment, the per-
meant ion is bromide.

In some embodiments, aqueous solution compositions
comprise a buffer. For example, in some embodiments, the
solution comprises acetate. In some embodiments, aqueous
solution compositions comprise a base such as NaOH. In
some embodiments, aqueous solution compositions comprise
an acid such as HCL

It is contemplated that in some embodiments, reconstituted
solutions may be stored in a reconstituted state at room tem-
perature prior to further dilution for injection or topical
administration. In some embodiments, storage times at room
temperature after reconstitution are much longer than current
compositions. In some embodiments, admixing can occur, for
example, in an intravenous bag. To prepare an admixture,
sufficient reconstituted solution is mixed in an intravenous
bag containing a pharmaceutically acceptable diluent such as
saline or dextrose solution such as 5 DW.

The concentration of admixtures may easily be determined
by those of ordinary skill in the art. The time available for
admixture of reconstituted solutions from the compositions
may be much longer than those of previously described for-
mulations. Storage times of the admixtures at room tempera-
ture may also be much longer than those of the existing
compositions. Once admixed, the tetracycline solution is
ready for administration by or to the patient. The admixture
may be administered alone or together with another pharma-
ceutical agent or composition.

In some embodiments, the composition does not comprise
a pharmaceutically acceptable oil. In some embodiments, an
oil can refer to a hydrocarbon compound that is liquid at room
temperature and insoluble in water. Examples of pharmaceu-
tically acceptable oils include polyoxyethylene hydrogenated
castor oils such as PEG-40 hydrogenated castor oil and PEG-
50 hydrogenated castor oil. More examples of pharmaceuti-
cally acceptable oils include olive oil, sesame oil, soybean oil,
safflower oil, cottonseed oil, corn oil, sunflower oil, arachis
oil, coconut oil, an omega-3 polyunsaturated oil, and an
omega-3 marine triglyceride.
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In some embodiments, the composition does not comprise
a pyridine-containing compound. In one embodiment, the
pyridine-containing compound is nicotinamide.

Although some embodiments include gluconate (e.g., as
the gluconate salt of a divalent or trivalent metal cation), other
embodiments include compositions that do not comprise glu-
conate.

In some embodiments, the composition does not comprise
a non-aqueous tetracycline-solubilizing co-solvent. Such
solubilizing co-solvents can include the oil, pyridine-contain-
ing compound, and gluconate described above.

Although some embodiments include an antioxidant, other
embodiments include compositions that do not comprise an
antioxidant (e.g., sodium or magnesium formaldehyde sul-
foxylate; sodium sulfite, metabisulfite or bisulfite; sodium
sulfide; alpha-monothioglycerol (also referred to as thioglyc-
erol); and thiosorbitol).

Other various embodiments include compositions that do
not include one or more of an alcohol (e.g., a polyhydric
alcohol, such as, propylene glycol, ethylene glycol), glycerol,
polyethylene glycol, a pyrrolidone-containing compound, a
water-miscible local anaesthetic (e.g., procaine, tetracaine),
urea, lactose, or adehydrating agent (e.g., ethyl acetate, acetic
anhydride, absolute ethanol, ethyl acetate, acetic anhydride,
and mixtures thereof).

Some embodiments include compositions comprising a
7-dimethylamino-tetracycline and a cation. In some such
embodiments the 7-dimethylamino-tetracycline is minocy-
cline. In some embodiments, the minocycline is minocycline
HCl. In some embodiments the cation comprises Mg>*. In
some embodiments, the compositions include a salt selected
from MgCl, (e.g, MgClL,.6H,0), MgSO, (eg.
MgS0O,.7H,0) and magnesium acetate (e.g., Mg(CH,
C00),.3H,0). In some embodiments, the molar ratio of
divalent or trivalent cation to minocycline is greater than 1:1,
2:1,3:1,4:1,5:1,6:1,7:1,8:1, 9:1, or 10:1. In some embodi-
ments, the molar ratio of divalent or trivalent cation to
minocycline is greater than 10:1, 20:1, 30:1, 40:1, or 50:1.
Some embodiments include a buffer. In some such embodi-
ments, the buffer includes NaOH, or sodium acetate (e.g.,
NaCH,COO.3H,0).

Some compositions comprise minocycline and
MgCl,.6H,0 with a Mg to minocycline molar ratio of about
5:1in a base comprising NaOH. Some such embodiments are
suitable for intravenous use.

Some compositions comprise minocycline and
MgS0,.7H,0 with a Mg to minocycline molar ratio of about
5:1ina buffer comprising NaCH;COO.3H,0 with a pH in the
range 4.5-5.5 and an osmolality in the range of about 275-375
mOsm/kg. Some such compositions can be prepared as an
aqueous solution and lyophilized. As will be understood by a
skilled artisan, the pH and osmolality of a reconstituted solu-
tion can have a pH in the range 4.5-5.5 and an osmolality in
the range of about 275-375 mOsm/kg. Some such embodi-
ments are suitable for intravenous use.

Some embodiments comprise minocycline and
Mg(CH;C00),.3H,0 with a Mg to minocycline molar ratio
of about 5:1 with no buffer added. Some such embodiments
are suitable for intravenous use.

Some embodiments include minocycline and
MgS0,.7H,0 with a Mg to minocycline molar ratio of about
5:11in abase comprising NaOH with a pH in the range 5.5-6.5.
Some such compositions can be prepared as an aqueous solu-
tion and lyophilized. As will be understood by a skilled arti-
san, the pH of a reconstituted solution can have a pH in the
range 5.5-6.5. Some such embodiments are suitable for intra-
venous use.
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Some embodiments comprise tigecycline and
MgS0,.7H,0O with a Mg to minocycline molar ratio of about
5:1 in a buffer comprising NaOH with a pH in the range
5.5-6.5. Some embodiments comprise tigecycline and
MgS0O,,.7H,0 with a Mg to minocycline molar ratio of about
12:1 in a base comprising NaOH with a pH in the range
5.5-6.5. Some such compositions can be prepared as an aque-
ous solution and lyophilized. As will be understood by a
skilled artisan, the pH of a reconstituted solution can have a
pH in the range 5.5-6.5. Some such embodiments are suitable
for intravenous use.

Some embodiments comprise tigecycline and
MgCl,.6H,0 with a Mg to minocycline molar ratio of about
5:1 in a buffer comprising NaOH with a pH in the range
5.5-6.5. Some embodiments comprise tigecycline and
MgCl,.6H,0 with a Mg to minocycline molar ratio of about
12:1 in a base comprising NaOH with a pH in the range
5.5-6.5. Some such compositions can be prepared as an aque-
ous solution and lyophilized. As will be understood by a
skilled artisan, the pH of a reconstituted solution can have a
pH in the range 5.5-6.5. Some such embodiments are suitable
for intravenous use.

Some embodiments comprise tigecycline and
MgS0O,,.7H,0 with a Mg to minocycline molar ratio of about
5:1 in a buffer comprising NaOH with a pH in the range
6.0-7.0. Some embodiments comprise tigecycline and
MgS0O,,.7H,0 with a Mg to minocycline molar ratio of about
12:1 in a base comprising NaOH with a pH in the range
6.0-7.0. Some such compositions can be prepared as an aque-
ous solution and lyophilized. As will be understood by a
skilled artisan, the pH of a reconstituted solution can have a
pH in the range 6.0-7.0. Some such embodiments are suitable
for topical use. Some such compositions comprise tigecycline
with greater than 90%, 95%, or 98% stability for at least 30
days. Some embodiments include compositions comprising
an additional constituent such as benzalkonium chloride, a
steroid such as hydrocortisone, dexamethasone, thonzonium
bromide, tyloxapol, an antiseptic agent such as boric acid, a
preservative such as benzalkonium chloride.

Some embodiments comprise tigecycline and CaCl,.6H,O
with a Ca:minocycline:molar ratio of about 5:1 in a base
comprising NaOH with a pH in the range 6.0-7.0. Some
embodiments comprise tigecycline and CaCl,.6H,O with a
Ca to tigecycline molar ratio of about 12:1 in a base compris-
ing NaOH with a pH in the range 6.0-7.0. Some such com-
positions can be prepared as an aqueous solution and lyo-
philized. As will be understood by a skilled artisan, the pH of
a reconstituted solution can have a pH in the range 6.0-7.0.
Some such embodiments are suitable for topical use. Some
such compositions comprise tigecycline with greater than
90%, 95%, 98% stability for at least 30 days. Some embodi-
ments include compositions comprising an additional con-
stituent such as benzalkonium chloride, a steroid such as
hydrocortisone, dexamethasone, thonzonium bromide, tylox-
apol, an antiseptic agent such as boric acid, a preservative
such as benzalkonium chloride.

Some embodiments include pharmaceutical compositions
comprising an aqueous solution of minocycline and a divalent
or trivalent cation, wherein the molar ratio of divalent or
trivalent cation to minocycline is greater than 2:1. In some
embodiments, the molar ratio of divalent or trivalent cation to
minocycline is greater than about 3:1, greater than about 5:1,
greater than about 8:1, greater than about 10:1. In some
embodiments, the divalent or trivalent cation is selected from
iron, copper, zinc, manganese, nickel, cobalt, aluminum, cal-
cium, magnesium and gallium. In particular embodiments,
the divalent or trivalent cation is selected from magnesium,
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calcium, and zinc. In some embodiments, the solution com-
prises magnesium sulfate and/or magnesium oxide. In par-
ticular embodiments, the composition is suitable for intrave-
nous administration.

More embodiments include a pharmaceutical composition
comprising an aqueous solution of an 7-dimethylamino-tet-
racycline antibiotic and a divalent or trivalent cation, wherein
the molar ratio of divalent or trivalent cation to tetracycline
antibiotic is greater than 3:1 and wherein the solution does not
comprise an oil, gluconate, or a pyridine-containing com-
pound, has a pH greater than 2 and less than 7, and is suitable
for intravenous administration. In some embodiments, the
7-dimethylamino-tetracycline is selected from minocycline,
PTK796, and glycylcyclines (e.g. tigecycline).

Some embodiments include a water-soluble solid compo-
sition, comprising minocycline or a salt thereof and a salt that
comprises a divalent or trivalent cation. In some embodi-
ments, the molar ratio of divalent or trivalent cation to
minocycline is greater than about 1:1, greater than about 2:1,
greater than about 3:1, greater than about 5:1, greater than
about 8:1, greater than about 10:1. In some embodiments, the
salt is selected from magnesium chloride, magnesium bro-
mide, magnesium sulfate, calcium chloride, calcium bro-
mide, calcium sulfate, zinc chloride, gallium chloride, mag-
nesium malate, magnesium gluconate, magnesium citrate,
calcium gluconate, calcium citrate, zinc gluconate, zinc
acetate, and zinc citrate. In preferred embodiments, the salt is
magnesium sulfate. In some embodiments, the composition
comprises sodium acetate. In certain embodiments, the com-
position does not comprise an antioxidant, a pyridine-con-
taining compound (e.g., nicotinamide), or gluconate.

More embodiments include water-soluble solid composi-
tions comprising a 7-dimethylamino-tetracycline antibiotic
and a salt comprising a divalent or trivalent cation, wherein
the molar ratio of divalent or trivalent cation to tetracycline
antibiotic is greater than 3:1 and wherein the composition
does not comprise gluconate or a pyridine-containing com-
pound. In some embodiments, the 7-dimethylamino-tetracy-
cline is selected from minocycline, glycylcyclines (e.g. tige-
cycline) and PTK796.

In some embodiments, the water-soluble compositions
described above are in the form of a lyophile.

Methods of Preparation

Some embodiments of the present invention include meth-
ods for preparing the compositions described herein. Some
such methods include combining a tetracycline antibiotic and
a divalent or trivalent cation. Some methods further comprise
modifying the pH of the compositions. In some methods,
modifying the pH comprises adjusting the pH with a pH
modifying agent. Examples of pH modifying agents include
hydrochloric acid, gentisic acid, lactic acid, citric acid, acetic
acid, phosphoric acid, sodium hydroxide, sodium bicarbon-
ate and sodium carbonate. In some embodiments, the pH-
modifying agent includes any pharmaceutically acceptable
acid, base or buffer capable of adjusting the pH of a tetracy-
cline antibiotic/metal cation solution to between about 3.0 to
about 7.0, about 4.0 to about 5.0, about 5.0to 6.0, about 5.5 to
6.5,about 6.0t0 6.5 orabout 4.2 to 4.8. In some embodiments,
the acid, base or buffer is used to adjust the pH of a tetracy-
cline antibiotic/metal cation solution to a pH less than 7, 6, 5,
or 4. In some embodiments, the acid, base or buffer is used to
adjust the pH of a tetracycline antibiotic/metal cation solution
to a pH greater than 2 and less than 7, greater than 4 and less
than 7, greater than 4 and less than 6, and greater than 4 and
less than 5. Examples of such acids include but are not limited
to hydrochloric acid, including 1.0 N HCI, gentisic acid,
lactic acid, citric acid, acetic acid and phosphoric acid.
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Examples of suitable buffers include as components succi-
nates and acetate. Examples of such bases include but are not
limited to aqueous solutions of sodium hydroxide, including
1.0 N NaOH solution, sodium bicarbonate and sodium car-
bonate.

Compositions of the invention may be prepared via a num-
ber of acceptable methods. For example, the metal salts are
dissolved in water and the tetracycline antibiotic is added to
this solution. Alternatively, the antibiotic is dissolved first and
the metal salt is added to the solution. The pH of the solution
is then adjusted with an acid, a base or buffer. Other optional
agents such as an antioxidant or carbohydrate are then dis-
solved in the solution. The final solution may be then be used
directly in therapy or lyophilized to dryness to form a lyo-
philized powder or cake for later reconstitution.

In another example, a tetracycline antibiotic may be dry
blended with the metal salts and other optional ingredients,
and the residual mixture dissolved in water. After the pH of
the solution is adjusted, the solution may then be used in
therapy or lyophilized to dryness to form a powder or cake.

Lyophilization of solutions described herein may be
accomplished by any pharmaceutically acceptable means.
Once lyophilized, the compositions of the invention may be
stored under an inert gas, such as nitrogen, to further slow the
degradation process.

The tetracycline antibiotic used in the various preparation
techniques may be any solid-state form of the tetracycline that
is sufficiently soluble in water. Such solid-state forms include
crystalline tetracycline polymorphs, amorphous forms and
salts.

One embodiment for preparing a minocycline-containing
pharmaceutical composition includes dissolving minocy-
cline and a salt that comprises a divalent of trivalent cation in
water to form a solution and adjusting the pH of the solution
to be less than about 7, less than about 6, less than about 5, less
than about 4, or less than about 3. In some embodiments, the
pH of the solution is adjusted to be greater than about 2 and
less than about 7, greater than about 4 and less than about 7,
or greater than about 4 and less than about 6. In some embodi-
ments, adjusting the pH comprises adding a base, e.g., NaOH.
In some embodiments, adjusting the pH comprises forming a
buffer. In some embodiments, forming the buffer comprises
adding sodium acetate.

More embodiments for methods of preparing a minocy-
cline-containing pharmaceutical composition includes dis-
solving minocycline in a solution comprising a divalent or
trivalent cation; and adjusting the pH of the solution to be less
than 7.

In some embodiments, a solution of a 7-dimethylamino-
tetracycline can be prepared by adding a 7-dimethylamino-
tetracycline, an aqueous solution of divalent or trivalent salt to
provide a certain divalent or trivalent salt to 7-dimethy-
lamino-tetracycline molar ratio. The pH of the solution can be
adjusted to a certain pH with a buffer, acid, or a base. The
osmolality of the solution can be adjusted to a certain osmo-
lality. The solution can be lyophilized. The lyophilized solu-
tion can be reconstituted with a diluent such as water.

In some embodiments, a solution of a 7-dimethylamino-
tetracycline can be prepared by adding a 7-dimethylamino-
tetracycline to an acid, such as HCl. The solution can be
lyophilized. The lyophilized solution can be reconstituted
with a diluent comprising a divalent or trivalent salt to provide
a certain divalent or trivalent salt to 7-dimethylamino-tetra-
cycline molar ratio. The diluent can further comprise an acid,
base, or buffer, such as sodium acetate, to provide a solution
of a certain pH.
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In some embodiments, minocycline can be in a buffer
comprising MgSO, at pH 5. The solution can be lyophilized.
The lyophilisate can be reconstituted in an aqueous diluent. In
some embodiments, minocycline can be solubilized in an
aqueous solution comprising HCl, MgSO4 and sodium
acetate. The solution can be lyophilized. In some embodi-
ments, minocycline can be solubilized in an aqueous solution
comprising HCI. The solution can be lyophilized. The lyo-
philisate can be reconstituted in an aqueous solution. In some
embodiments, the reconstituting solution can lack Mg.

Kits

Some embodiments of the present invention include kits
comprising a composition described herein. Some kits
include a single use container comprising a composition
described herein. Single use containers include ampules,
vials, and the like. The single-use container can comprise a
lyophilized formulation of a composition described herein.
Some kits include a diluent for reconstituting the lyophilized
formulations of a composition or pharmaceutical composi-
tion described herein.

In some embodiments, the compositions of the invention
may be prepared for single-dosage use. In this embodiment,
the solutions of the invention are lyophilized in individual
vials such as 20-mL vials. Upon lyophilization, the vials are
stoppered with any acceptable stopper. The stoppered vials
are then shipped for use. When needed, the vials can be
reconstituted by adding sufficient diluents to achieve the
desired concentration of tetracycline. The concentration of
reconstituted solutions may be easily determined by those of
ordinary skill in the art. Any pharmaceutically acceptable
diluent may be used. Examples of such diluents include but
are not limited to water, 0.9% saline, Lactated Ringer’s injec-
tion solution and dextrose solutions including 5% dextrose (5
DW).

In some embodiments, the diluent does not comprise a
pharmaceutically acceptable oil (e.g., polyoxyethylene
hydrogenated castor oils), a pyridine-containing compound
(e.g., nicotinamide), gluconate, an antioxidant, an alcohol
(e.g., a polyhydric alcohol, such as, propylene glycol, ethyl-
ene glycol), glycerol, polyethylene glycol, a pyrrolidone-
containing compound, a water-miscible local anaesthetic
(e.g., procaine, tetracaine), urea, lactose, or a dehydrating
agent (e.g., ethyl acetate, acetic anhydride, absolute ethanol,
ethyl acetate, acetic anhydride, and mixtures thereof). In
some embodiments, the diluent does not comprise a tetracy-
cline-solubilizing cosolvent.

In some embodiments, the diluent contains the divalent or
trivalent cation. For example, some embodiments include kits
that comprise a first container comprising a diluent that com-
prises an aqueous solution of a divalent or trivalent cation;
and a second container comprising a solid composition
soluble in the diluent, wherein the solid composition com-
prises minocycline in an amount such that the molar ratio of
the divalent or trivalent cation to minocycline is greater than
about 2:1. In some embodiments, the diluent comprises an
acid, e.g., HCI. In some embodiments, the diluent comprises
a buffer. In some embodiments, the buffer is sodium acetate.

More embodiments include kits comprising a first con-
tainer comprising a diluent that comprises an aqueous solu-
tion of a divalent or trivalent cation; and a second container
comprising a solid composition soluble in the diluent,
wherein the solid composition comprises a tetracycline anti-
biotic in an amount such that the molar ratio of the divalent or
trivalent cation to tetracycline antibiotic is greater than 3:1.

More embodiments include single use vials comprising
any composition wherein the vial comprises an amount of a
tetracycline of at least 100 pg, 200 pg, 300 pg, 400 pg, 500 pg,
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600 pg, 700 pg, 800 ng, 900 pg, 1000 pg. In some embodi-
ments, the vial comprises an amount of a tetracycline of at
least 1 mg, 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35 mg,
40 mg, 45 mg, 50 mg, 55 mg, 60 mg, 65 mg, 70 mg, 75 mg, 80
mg, 85 mg, 90 mg, 95 mg, 100 mg, 105 mg, 110 mg, 115 mg,
120 mg, 125 mg, and 130 mg. In some embodiments, the vial
comprises an amount of a tetracycline of at least 100 mg, 200
mg, 300 mg, 400 mg, and 500 mg. In some embodiments, the
vial comprises about 100 mg of a tetracycline. In some
embodiments, the tetracycline is minocycline. In some
embodiments, the tetracycline is tigecycline. In some such
embodiments, a vial can comprise greater than 30 mg and less
than 100 mg tigecycline.

Methods of Treatment

Some embodiments include methods of treating or pre-
venting a bacterial infection in a subject by administering a
composition described herein. “Treating,” as used herein,
refers to administering a pharmaceutical composition for
therapeutic purposes to a patient suffering from a bacterial
infection. “Preventing,” as used herein, refers to treating a
patient who is not yet infected, but who is susceptible to, or
otherwise at risk of, a particular infection, whereby the treat-
ment reduces the likelihood that the patient will develop an
infection.

In some embodiments, the administration is via an intra-
venous route such as by administering an aqueous solution
described herein intravenously.

Some such methods include administering an aqueous
solution of minocycline and a divalent or trivalent cation to a
subject via an intravenous route. Such solutions are described
herein.

Some embodiments include administering an aqueous
solution of a 7-dimethylamino-tetracycline antibiotic and a
divalent or trivalent cation to a subject via an intravenous
route, wherein the molar ratio of divalent or trivalent cation to
tetracycline antibiotic is greater than about 3:1 and wherein
the solution does not comprise gluconate or a pyridine-con-
taining compound and has a pH greater than 2 and less than 7.

In some embodiments of intravenous administration, the
compositions described herein permit use of lower volumes
and faster infusion times due to increased concentrations of
tetracycline antibiotic and reduced injection site phlebitis as
compared to currently available intravenous formulations. In
some embodiments, the total volume administered is less than
50 ml, less than 60 ml, less than 70 ml, less than 80 ml, less
than 90 ml, less than 100 ml, less than 110 ml, less than 120
ml, less than 130 ml, less than 140 ml, less than 150 ml, less
than 200 ml, less than 300 ml, less than 400 ml, less than 500
ml, or less than 1000 ml. In some embodiments, about 100 ml
is administered. In some embodiments, the entire volume to
be administered is administered in less than 10 minutes, less
than 20 minutes, less than 30 minutes, less than 40 minutes,
less than 50 minutes, less than 60 minutes, less than 70 min-
utes, less than 80 minutes, less than 90 minutes, less than 2
hours, less than 3 hours, or less than 4 hours. In some embodi-
ments, the entire volume is administered in 20-70 minutes. In
some embodiments, the entire volume is administered in
30-60 minutes.

Some embodiments include administering a composition
described herein by a topical route. Examples of topical
routes include skin, eye, ear, rectal, vaginal, urethral. Meth-
ods of such administration are well known in the art and can
include aqueous solution, spray, suppository, salve, or an
ointment or the like. Accordingly, some embodiments include
administering an aqueous solution of a 7-dimethylamino-
tetracycline antibiotic and a divalent or trivalent cation to a
subject via a topical route. In some such embodiments, the
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molar ratio of divalent or trivalent cation to tetracycline anti-
biotic is greater than about 3:1. In some embodiments, the
solution does not comprise gluconate or a pyridine-contain-
ing compound. In some embodiments, the solution has a pH
greater than 2 and less than 7.

Other embodiments include administering a composition
described herein by pulmonary inhalation. For example,
compositions may be administered by inhalation of an aero-
sol of the composition. The aerosol may be formed using dry
particles of the composition or by nebulization of a solution of
suspension of the composition. Any suitable aerosolization
device may be used, including dry-powder inhalers, metered-
dose inhalers, and nebulizers.

The following examples illustrate various embodiments of
the invention and are not intended to limit the invention in any
way.

EXAMPLES
Example 1

Stability at 37° C. for Solutions of Tigecycline or
Tygacil® Containing Metal Cations

General procedures: Some of following examples include
experiments in which the stabilities of various aqueous solu-
tions of a tetracycline were analyzed. Some solutions
included a carbohydrate and/or various molar amounts of
metal salts.

The pH of the solutions were adjusted with hydrochloric
acid or sodium hydroxide solution. The solutions were incu-
bated at room temperature (approximately 22° C.)orat 37° C.
Incubation of solutions at 37° C. was used as a model for
long-term storage of solutions.

The stabilities of various aqueous solutions of a tetracy-
cline were analyzed using HPL.C. HPLC analyses were con-
ducted on an Agilent 1200: Column: Eclipse Plus C18 4.6x
150 mm, 5 pm. Detection: UV at 248 nm. Flow rate: 1.2
ml./min. Tigecycline retention time=4.30 min. Gradient: Sol-
vent A=0.1% trifluoroacetic acid in acetonitrile. Solvent
B=0.1% trifluroacetic acid in water. TABLE 1 shows the
HPLC gradient used.

TABLE 1
Time (min) % Solvent A % Solvent B
0.0 5 95
9.5 50 50
10.0 5 95
15.0 5 95

A 10 mg/mL Tigecycline aqueous solution was prepared
and 300 uL aliquots dispensed into polypropylene tubes. The
volume of each tube was adjusted to 1 ml with various dilu-
tions 0of 0.1 M MgCl,, 0.1 M CaCl, or 0.1 M ZnCl, to achieve
the desired molar ratio of Tigecycline:metal cation. The tubes
were incubated in the dark at 37° C. Samples of each solution
were taken at various time points and analyzed by HPL.C. The
fraction of remaining Tigecycline in each sample was deter-
mined.

A 10 mg/mL (17.08 mol/L.) aqueous solution of Tygacil®
(Lot D 90293, 53 mg), a commercial Tigecycline formulation
containing lactose, was prepared, and 240 ul aliquots were
dispensed into polypropylene tubes. The volume of each tube
was adjusted to 1 ml with various dilutions of 0.1 M MgCl,,
0.1 M CaCl, or 0.1 M ZnCl, to achieve the desired molar ratio
of Tigecycline:metal cation. The tubes containing the solu-
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tion were incubated in the dark at 37° C. Samples of each TABLE 6
solution were taken at various time points and analyzed by
HPLC. The fraction of remaining Tigecycline in each sample CaCly: Tygacil ®
was determined. Molar ratio Day 0 Day 1 Day 2 Day 5 Day 7
The percentages of Tigecycline remaining at Day 0, 1,2, 5, 5 10:1 99.41 99.41 98.88  96.51 89.98
and 7 for solutions of Tigecycline at various molar ratios with 5:1 99.40  99.29 9848 9538 85.50
MgCl,, CaCl,, or ZnCl, are shown in TABLE 2, TABLE 3, 21 99.45 9922 9834 9320  79.62
. . . 1:1 99.71 9944 9844 8921 7534
and TABLE 4, respectively. The percentages of Tigecycline 0.5:1 99.53 9916 9832 8697 7045
remaining at Day 0, 1, 2, 5, and 7 for solutions of Tygacil® at 0.2:1 99.54 99.21 08.30 86.41 63.78
various ratios with MgCl,, CaCl,, or ZnCl, are shown in 10 0:1 9947  99.16 9816 7243 42.88
TABLE 5, TABLE 6, and TABLE 7, respectively.
TABLE 2 TABLE 7
MgCl,:Tigecycline 15 ZHI(\:/IlziTyga‘C.ﬂ ® Dav 0 Dav 1 Day 2 Dav 5 Day 7
t
Molar ratio Day 0 Day 1 Day 2 Day 5 Day 7 oarraho o o o o o
10:1 9941 9945 9890  97.89  95.78
10:1 9942 9893 97.68 9231 85.95 51 99.44 9927 98.68 9687 9430
211 99.39 9925 9874 9609  92.22
5:1 9945 9885 9730  88.64  81.41 % 11 90356 9050 0898 9560  90.67
2:1 99.50 9857  96.85 8495  73.95 0.5:1 99.48 9925 9878 9373  86.02
1:1 99.64 98.64 96.70 82.54 67.87 0.2:1 99.52 99.35 98.43 89.34 71.79
0:1 99.50  99.27 9812  69.85 4215
0.5:1 99.60 9845 9652  79.39  62.20
0.2:1 99.56 9844 9591 7281  53.83
0.1:1 99.50 9829  95.66  67.28  48.68 ,5  While Tigecycline decomposed inall tubes over 7 days, the
0:1 99.53 98.23 95.18 5842 40.90 rate of decomposition was significantly lower in solutions
containing higher molar ratios of metal cation. The rates of
Tigecycline decomposition in the presence of calcium or
magnesium cations were similar; however, the rate of Tige-
TABLE 3 30 cycline decomposition in the presence of zinc was signifi-
- ) cantly lower. The presence of lactose in the Tygacil® formu-
CaCl,:Tigecycline lation further d d th te of d e
Molar ratio Day0  Dayl Day2 Days Day7 ation er decreased the rate of decomposition.
10:1 9949  99.02  97.89  91.88 8631
5:1 99.44  98.66 9731 87.13 80.87 35 Example 2
2:1 99.38  98.06  96.66  83.63  75.03
1:1 99.58 9833 9654  81.30  70.18
0.5:1 9956 98.61 9615 76.00  64.81 Stability at Room Temperature for Solutions of
0.2:1 99.58 9847 9599  72.84  57.19 . : . .. .
011 0956 9832  95.66 67.80  49.75 Tigecycline or Tygacil® Containing Metal Cations
0:1 9949 9817 9498  59.11 3931 o
A 10 mg/mL Tigecycline aqueous solution was prepared
and 240 ul. aliquots dispensed into polypropylene tubes. The
TABLE 4 volume of each tube was adjusted to 1 ml with various dilu-
tions 0of 0.1 M MgCl,, 0.1 M CaCl, or 0.1 M ZnCl, to achieve
ZnCl,:Tigecycline 45 the desired molar ratio of Tigecycline:metal cation. The tubes
Molar ratio Day0  Dayl = Day2  Day5  Day7 were incubated in the dark at 37° C. Samples of each solution
10:1 99.15 99.01 97.82 96.65 95.41 were taken at various time points and analyzed by HPL.C. The
5:1 99.21  98.66  97.76 9581  92.85 fraction of remaining Tigecycline in each sample was deter-
2:1 99.31 9846 9732 91.02  85.64 :
mined.
1:1 99.54  98.66 9759  91.27 8249 s
0.5:1 99.53 98.66  97.21 87.15 76.43 A 10 mg/mL aqueous solution of Tygacil® (Lot D 90293,
8%} gg'gé gg'gg gé'?f ;z'gg gi'gg 53 mg) was prepared, and 240 pl. aliquots were dispensed
01 0046 9837 9502 5630  39.05 into polypropylege tub.es. The Yolume of each tube was
adjusted to 1 ml with various dilutions of 0.1 M MgCl,, 0.1 M
55 CaCl, or 0.1 M ZnCl, to achieve the desired molar ratio of
Tigecycline:metal cation. The tubes were incubated in the
TABLE 5 dark at 37° C. Samples of each solution were taken at various
time points and analyzed by HPL.C. The fraction of remaining
MgCly: Tygacil ® Tigecycline in each sample was determined.
Molar ratio Day 0 Day 1 Day 2 Day 5 Day 7 . . L.
60  Thepercentages of Tigecycline remaining at Day 0, 1, 2, 5,
10:1 99.61 99.38 9897 96.51 93.52 7,14, 21, 28, and 36 for solutions of Tigecycline at various
>l 047 9946 9883 2338 90.33 molar ratios with MgCl,, CaCl,, or ZnCl, are shown in
2:1 9949 9932 9872 9320  84.03 ghlo 2 2
1:1 99.63 9938 98.55 89.21 74.30 TABLE 8, TABLE 9, and TABLE 10, respectlvely. The per-
0.5:1 99.59 99.28 98.36 86.97 68.84 centages of Tigecycline remaining at Day 0, 1,2, 5,7, 14,21,
0.2:1 99.54 9926 9843 864l 6491 45 28 and 36 for solutions of Tygacil® at various ratios with
0.1:1 9948  99.19 9819 7243 4471

MgCl,, CaCl,, or ZnCl, are shownin TABLE 11, TABLE 12,
and TABLE 13, respectively.
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TABLE 8
MgCl,:
Tigecycline Day Day Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21 28 36
10:1 99.58 9932 9946 99.03 98.62 9552 9190 85.33 76.89
5:1 9945 9932 9941 9874 9816 9404 8710 76.71 62.60
2:1 99.51 99.27 9943 9846 9697 89.87 76.29 58.07 40.67
1:1 99.66 9945 9936 9835 9649 8588 66.59 46.07 31.90
0.5:1 99.64 9940 9935 97.76 96.16 8198 59.70 39.79 28.16
0.2:1 99.56 9937 99.28 9793 9545 7581 50.38 34.00 24.19
0:1 99.46 99.24 99.15 97.01 94.08 6198 3899 24.55 16.33
TABLE 9
CaCl,:
Tigecycline Day Day Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21 28 36
10:1 99.58 9934 9941 99.05 98359 9545 92.00 86.92 8247
5:1 99.48 99.25 99.27 98.66 9813 93.61 88.60 81.75 74.95
2:1 99.37 99.27 99.25 98.03 97.16 9136 8292 72.83 6243
1:1 99.57 99.38 9930 98353 96.92 89.14 7835 6546 53.22
0.5:1 99.59 9930 99.30 9832 9654 8626 72.73 5820 45.11
0.2:1 9948 9932 99.27 97.94 9575 8039 61.83 4547 26.69
0:1 9944 99.29 99.17 96.76 93.75 60.72 38.08 23.94 15.72
TABLE 10
ZnCl,:
Tigecycline Day Day Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21 28 36
10:1 99.24 9899 9949 9930 99.19 9749 97.63 96.09 94.32
5:1 99.29 99.13 99.05 99.27 99.16 9740 9598 92.80 90.60
2:1 99.34  99.23 9951 99.06 98.82 9579 93.63 86.84 80.66
1:1 99.53  99.39 9947 99.03 9848 9461 8848 79.03 69.44
0.5:1 99.50 99.39 9933 9876 96.77 90.07 78.03 65.63 54.07
0.2:1 99.46 9937 9933 9824 9650 8572 69.89 55.13 41.97
0:1 99.44 9939 99.12 97.28 9331 5945 37.09 23.57 1548
TABLE 11
MgCl,:
Tygacil ® Day Day Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21 28 36
10:1 99.44 9953 9934 9925 99.07 9730 9537 92.20 86.32
5:1 99.44  99.61 99.60 99.45 9932 97.66 9534 90.98 83.58
2:1 99.48 99.63 9956 9943 99.19 96.67 91.94 81.95 66.57
1:1 99.55  99.62 99.61 99.09 99.11 9650 89.71 74.36 55.95
0.5:1 99.49 99.64 99.60 99.33 9870 9510 8439 64.70 45.04
0.2:1 99.49 99.63 9957 99.28 98.89 9403 79.53 57.09 37.94
0:1 99.44 9957 9957 99.25 9878 89.19 65.09 42.56 28.38
TABLE 12
CaCl,:
Tygacil ® Day Day Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21 28 36
10:1 99.32 9951 9945 9950 99.26 9741 95.08 92.06 87.88
5:1 99.35  99.51 — 9933 99.02 9736 9342 88.57 82.75
2:1 99.40 99.67 9946 99.25 9897 9576 90.00 81.77 72.75
1:1 99.49  99.60 99.54 9939 99.02 9544 8825 77.42 65.65
0.5:1 9948 99.60 9949 9930 9855 9480 8557 71.96 58.07
0.2:1 99.44 9957 9953 99.27 9889 9270 80.03 62.28 47.05
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TABLE 13
ZnCl,:
Tygacil ® Day Day Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21 28 36
10:1 98.91 99.49 9943 99.46 99.47 9898 98.68 98.17 98.11
5:1 99.15  99.54 99.51 99.45 99.35 98.88 98.26 97.39 96.15
2:1 99.29  99.57 99.55 99.35 99.37 98.60 9742 9530 92.37
1:1 99.44  99.62 99.55 99.61 99.33 9797 96.29 92.70 87.08
0.5:1 99.47 99.62 99.59 99.48 99.25 97.60 94.10 86.46 76.49
0.2:1 99.45 99.62 99.61 99.47 99.19 96.09 89.52 77.46 63.06
0:1 99.42  99.54 99.52 99.14 9871 8825 64.08 41.19 28.09
While Tigecycline decomposed in all tubes over 36 days, TABLE 16
the rate of decomposition was significantly lower in solutions 15
containing higher molar ratios of metal cation. The rates of ZnCly:

. . .. . . Tygacil ® Day Day Day Day Day Day Day
Tigecycline decomposition in the presence of calcium or Molar ratio 0 1 5 5 7 14 o1
magnesium cations were similar; however, the rate of Tige-
cycline decomposition in the presence of zinc was signifi- 1?} ggig 9937 gg'gg gg'ig gzgf g?;g gigg
cantly lower. The presence of lactose in the Tygacil® formu- 20 0:1 9962 9890 7343 433 637 157

lation further decreased the rate of decomposition.

Example 3

Stability at 37° C. For Tygacil Solutions Containing
High Concentrations of Metal Cations

A 10 mg/mL aqueous solution of Tygacil® (Lot D 90293,
53 mg) was prepared, and 300 pl. aliquots were dispensed
into polypropylene tubes. The volume of each tube was
adjusted to 1 ml with various dilutions of 1 M MgCl,, 1 M
CaCl, or 1 M ZnCl, to achieve the desired molar ratio of
Tigecycline:metal cation. The tubes were incubated in the
dark at37° C. Samples of each solution were taken at various
time points and analyzed by HPL.C. The fraction of remaining
Tigecycline in each sample was determined.

The percentages of Tigecycline remaining at Day 0, 1, 2, 5,
7, 14, and 21 for solutions of Tygacil® at various ratios with
MgCl,, CaCl,, or ZnCl, are shown in TABLE 14, TABLE 15,
and TABLE 16, respectively.

TABLE 14
MgCl,:
Tygacil ® Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21
30:1 99.64 9959 9949 98354 9711 89.62 77.13
20:1 99.61 99.56 99.23 97.99 9594 8504 6347
12:1 99.58 9953 99.14 96.74 9445 7771 46.81
5:1 99.68 9956 99.6 96.06 91.18 59.13 2595
0:1 99.65 99.23 9826 75.05 46.66 6.37 1.30
TABLE 15
CaCl,:
Tygacil ® Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21
30:1 99.58 99.55 9929 97.79 959 8694 69.71
20:1 99.62 9951 99.18 97.00 93.81 80.6 5528
12:1 99.60 9941 9894 9494 91.13 693  40.59
5:1 99.65 9942 98.66 92.83 8572 531 24.74
0:1 99.60 99.34 9825 74.61 45.63 6.26 1.53
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While Tigecycline decomposed in all tubes over 21 days,
the rate of decomposition was significantly lower in solutions
containing higher molar ratios of metal cation. The rates of
Tigecycline decomposition in the presence of calcium or
magnesium cations were similar, however, the rate of Tige-
cycline decomposition in the presence of zinc was signifi-
cantly lower.

Example 4

Effect of pH on the Stability of Tygacil® Solutions
Containing Metal Cations at 37° C.

A 10 mg/mL aqueous solution of Tygacil® (Lot D 90293,
53 mg) was prepared, and 16504 aliquots were dispensed into
four 15 mL polypropylene tubes. The volume of each tube
was adjusted to 5500 pL. with various dilutions of 0.1 M
MgCl,, 0.1 M CaCl,, or 0.1 M ZnCl,, or water (control), to
achieve the desired molar ratio of a 1:1 ratio of Tigecycline:
metal cation. Sample solutions from each 15 ml tube were
taken and adjusted to pH 4, 5, or 6 with 0.1 N or 1 N solutions
of NaOH or HCI, taking care to minimize volume changes.
Samples solutions were incubated in the dark at 37° C.
Samples were taken at various time points and analyzed by
HPLC. The fraction of remaining Tigecycline (expressed as a
percentage of the starting concentration) in each sample was
determined.

The percentages of Tigecycline remaining at Day 0, 1,2, 5,
7, and 14 for solutions of Tygacil® at 1:1 ratios with MgCl,,
CaCl,, or ZnCl, at various pHs are shown in TABLE 17,
TABLE 18, and TABLE 19, respectively. TABLE 20 shows
percentages of Tigecycline remaining at Day 0, 1,2, 5, 7, and
14 for solutions of Tygacil® only at various pHs

TABLE 17
pH for 1:1
MgCl,: Day Day Day Day Day Day
Tygacil ® 0 1 2 5 7 14
pH 4 99.51 98.89  98.89 9572 90.92 54.54
pHS 99.55 99.09  98.00 84.77 63.60 15.89
pH 6 99.53 9836 9579  44.81 23.71 5.19
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27 28
TABLE 18 TABLE 21
pH for 1:1 pH for 12:1
CaCl,: Day Day Day Day Day Day MgCly: Day Day Day Day Day Day
Tygacil ® 0 1 2 5 7 14 Tygacil ® 0 1 2 5 7 14
pH4 99.49  98.88  98.84 9443  90.06 5591 pH 4 99.47 9862  99.18 97.49 9572  83.14
pHS 99.66  99.02  97.8 8196  69.23  28.89 pHS 99.61  98.87  99.12 9653 9372 69.08
pH 6 99.62 9870  97.87 9245 8740 5679 pH 6 99.58  99.26  99.21 956  96.96  85.86
10
TABLE 19 TABLE 22
pH for 1:1 pH for 12:1
ZnCl,: Day Day Day Day Day Day CaCl,: Day Day Day Day Day Day
Tygacil ® 0 1 2 5 7 14 Tygacil ® 0 1 2 5 7 14
15
pH4 99.47 9862  99.03 9614 9315 7325 pH 4 99.48  97.24  98.89  96.01  92.85  73.05
pHS 99.6  99.21  98.96 9302 8348  39.93 pHS 99.74 9936  99.41  97.64 9594 89
pH 6 99.54 993 99.16 94358 8635  49.21 pH 6 99.61 9944 9948 98 97.09 9218
20
TABLE 20 TABLE 23
pH for Day Day Day Day Day Day pH for 12:1
Tygacil ® 0 1 2 5 7 14 ZnCl,: Day Day Day Day Day Day
Tygacil ® 0 1 2 5 7 14
pH4 99.48  99.07 9893 0428 8705 4475 o
pHS 99.6 9894  96.89 4921 2749 216 pH 4 99.49  99.29  99.36 9873 9835  95.19
pH 6 9947 9527  59.56 1074 2.4 5.22 pHS 99.56 9947  99.47 9838  98.04  93.38
pH 6 99.65 9938  99.49 9878  98.79  97.67
While Tlgecychne? Eiecompo.s ed. in all tubes over 14 d.a vS, While tigecycline decomposed in all tubes over 14 days,
the rate of decomposition was significantly lower in solutions 30 " . -
ith a ol 1 han ol 6. Th £Ti line d the rate of decomposition was slower in solutions at pH 6. The
Wlt. ,a p . ower than pt 6. The r.ates ° 1gecyc.1ne ecgm- rates of Tigecycline decomposition in the presence of calcium
posﬁlqn n the presence of calcium or magnestum catlgns were slower in solutions at greater pH. When formulated as
were 51m11.a.r atpll 4 and 5; however, the rate of Tigecycline Tygacil, the rates of tigecycline decomposition in the pres-
d.ecqmposmon in the presence of ‘magnesium at pH 6.v.vas ence of zinc or magnesium were faster at pH 5.
significantly greater. The rate of Tigecycline decomposition 33
at pH 4 and 5 in solutions containing zinc was lower than Example 6
solutions containing magnesium or calcium. The rates of
Tigecycline decomposition at pH 6, in solutions containing Effect of pH on the Stability of Minocycline
zinc or calcium were similar. The rate of Tigecycline decom- 0 Solutions Containing High Concentrations of MgCl,
position at all pHs was much lower in the presence of metal at 37° C.
cations, especially at higher pH.
A 10 mg/mL Minocycline hydrochloride aqueous solution
Example 5 was prepared, and 2500 uL aliquots were dispensed into two
45 15 mL polypropylene tubes. The volume of each tube was
adjusted to 5500 pL. with either a dilution of 1 M MgCl, to
Effect of pH on the Stability of Tygacil® Solutions achieve a molar ratio of a 1:10 ratio of Minocycline:metal
Containing High Concentrations of Metal Cations at cation, or water. Sample solutions from each 15 ml tube were
37° C. taken and adjusted to pH 4, 5, or 6 with 0.1 N or 1 N solutions
of NaOH or HCI, taking care to minimize volume changes.
50 : : : K
A 10 mg/mL aqueous solution of Tygacil® (Lot D 90293, Samp}e solutlonli were n}cubat.ed m .the daék atl 37 d bC :
53 mg) was prepared, and 1650 pl aliquots were dispensed amp es were taken at various time points and analyzed by
; g prep > H q P HPLC. The fraction of minocycline remaining in each sample
into four 15. mL polypropylene .tubes..The Yolqme of each was determined.
tube was adjusted to 5500 pl. with various dilutions of 1 M The percentages of Minocycline remaining at Day 0, 1, 2,
MgClz, 1M QaClz, or 1 M ZnCl,, or water (c.ontrol)., 0 55 5,7, and 14 for solutions at various pHs of Minocycline at
achieve the desired molar ratio of a 1:12 ratio of Tigecycline: 1:10 ratio with MgCl,, or Minocycline solutions alone are
metal cation. Sample solutions from each 15 ml tube were shown in TABLE 24, and TABLE 25, respectively.
taken and adjusted to pH 4, 5, or 6 with 0.1 N or 1 N solutions
of NaOH or HCI, taking care to minimize volume changes. TABLE 24
Samples solutions were incubated in the dark at 37° C.
Samples were taken at various time points and analyzed by pH for 10:1
HPLC. The fraction of remaining Tigecycline in each sample MeCly: Day ~ Day  Day  Day  Day  Day
A Minocycline 0 1 2 5 7 14
was determined.
The percentages of Tigecycline remaining at Day 0, 1, 2, 5, gg 451 gg'gg 33'2; gg'éfg gg'gf 59;3'43? gg'ii
7, and 14 for solutions onyga011® at 1:12 ratios with MgClz, 65 pH6 99:03 97:1 96:04 88:45 83:88 76:25

CaCl,, or ZnCl, at various pHs are shown in TABLE 21,
TABLE 22, and TABLE 23, respectively.
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TABLE 25
pH for
Minocycline Day Day Day Day Day Day
alone 0 1 2 5 7 14
pH4 98.75 96.37 9621 9499 9278  81.82
pHS5 98.41 96.72  95.29 85.01 75.14 3543
pH6 98.19 9547 8755 39.17 14.56 2.2

While Minocycline decomposed in all tubes over 14 days,
the rate of decomposition was significantly lower in solutions
containing magnesium, especially at higher pH.

Example 7

Stability of Tigecycline Solutions Containing
Mixtures of CaCl, and MgCl, at pH 6 and 37° C.

A 10 mg/mL aqueous solution of Tigecycline was pre-
pared, and 450 pl aliquots were dispensed into 15 mL
polypropylene tubes. The volume of each tube was adjusted
to 1500 pL. with various dilutions of 1 M MgCl, and 1 M
CaCl,, or water (control), to achieve the desired molar ratios
of Tigecycline:metal cation. Sample solutions from each 15
ml tube were taken and adjusted to pH 6 with 0.1 N or 1 N
solutions of NaOH or HCI, taking care to minimize volume
changes. Samples solutions were incubated in the dark at 37°
C. Samples were taken at various time points and analyzed by
HPLC. The fraction of Tigecycline remaining in each sample
was determined.

The percentages of Tigecycline remaining at Day 0, 1, 2, 5,
7,14, and 21 for solutions of at various ratios of Tigecycline:
MgCl,:CaCl, at pH 6 are shown in TABLE 26.

TABLE 26
MgCl,:CaCl,:
tigecycline Day Day Day Day Day Day Day
Molar ratio 0 1 2 5 7 14 21
5:5:1 98.25 9877 9823 9691 9213 83.64 65.21
5:10:1 98.37 9823 9839 97.76 96.10 89.74 79.83
10:5:1 98.17 9821 9846 96359 93.90 80.00 39.39
10:10:1 98.32 9824 98350 9738 95.62 87.14 72.88
5:0:1 98.18 97.93 9753 9058 76.71 4042 12.54
10:0:1 98.16 98.00 9823 9491 89.12 62.54 35.75
15:0:1 98.25 9813 9821 96.23 9232 72.15 4875
20:0:1 982  98.08 9828 9646 93.72 78.66 57.66
0:5:1 98.11 9815 9828 97.19 9568 89.2 77.2
0:10:1 98.12 982 9855 971 96.53 91.74 84.69
0:15:1 98.15 9821 9839 975 9693 92.71 86.37
0:20:1 98.28 98.63 9857 974  97.35 93.09 8745
0:0:1 9791 8897 60359 1636 733 414 0

While Tigecycline decomposed in all tubes over 21 days,
the rate of decomposition was significantly lower in solutions
containing greater relative amounts of calcium cations.

Example 8

Effects of MgCl, on Minocyline-Induced Hemolysis
in an In Vitro Model of Venous Phlebitis

In vitro hemolysis of rabbit red blood cells (RBCs) after
exposure to minocycline formulated in MgCl, or CaCl, was
compared to in vitro hemolysis of RBCs after exposure to
minocycline in saline, or exposure to amphotericin B.
Minocycline HCI (LKT laboratories) stock solutions were
prepared with MgCl, in saline, saline, or lactated ringer, and
the pH was adjusted with NaOH. Rabbit and sheep red blood
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cells (RBCs) were obtained from Innovative Research labo-
ratory (Michigan, USA). Immediately before use, RBCs were
washed three times in 0.9% saline and adjusted to a density of
5% in saline. 200 pl RBCs was added to 800 pl minocycline
solution, and mixed by gentle inversion for 2-5 seconds.
Samples were incubated at 37° C. or 30 minutes or at 25° C.
for 2-5 minutes. Incubated samples were centrifuged at
12000xg for 4 minutes and the supernatants were removed
and the hemoglobin absorbance was read at 540 nm. Samples
were tested in triplicate. Amphotericin B (MP Biomedicals)
and distilled H,O, or Triton-x and distilled H,O were used as
positive controls; saline was used as a negative control. Per-
cent hemolysis was calculated according to the following
formula:

Percent hemolysis=(absorbance of sample)-(absor-
bance of blank)/ Absorbance of Distilled H,Ox
100/Absorbance of Distilled H,O

In a set of experiments, the pH of minocycline solutions
formulated with divalent cations was adjusted to pH 5.85. For
RBCs incubated in a minocycline saline solution, hemolysis
was in the range of 44%-84% (FIG. 1). For RBCs incubated
in a minocycline with Mg?* or Ca®*, hemolysis was approxi-
mately 2%. Results summarizing the percent in vitro hemoly-
sis of rabbit RBCs incubated with different formulations of
minocycline or amphoterin B at 25° C. are summarized in
Table 27.

TABLE 27

Hemolysis of
RBCs in solution
relative to water

Solution (%)
5 mg/ml minocycline, 10 equiv Mg, pH 5.85 2.8
2.5 mg/ml minocycline, 10 equiv Mg, pH 3.2
5.85

0.5 mg/ml minocycline, 10 equiv Mg, pH 2.3
5.85

5 mg/ml minocycline, 5 equiv Ca, pH 5.85 2.2
2.5 mg/ml minocycline, 5 equiv Ca, pH 5.85 2.94
0.5 mg/ml minocycline, 5 equiv Ca, pH 5.85 2.20
5 mg/ml minocycline, saline, pH 4.17 81.64
2.5 mg/ml minocycline, saline, pH 4.17 84.37
0.5 mg/ml minocycline, saline, pH 4.17 43.82
Amphoterin B 101.31

In another set of experiments, the pH of a minocycline
solution formulated with divalent cations was not adjusted
and was allowed to fall below the pH of minocycline in saline.
For RBCs incubated in a minocycline saline solution,
hemolysis was in the range of 44%-84% (FIG. 2). For RBCs
incubated in a minocycline with Mg>* or Ca®*, hemolysis was
in the range of 0%-5%. Results summarizing the percent in
vitro hemolysis of rabbit RBCs incubated with different for-
mulations of minocycline at low pH, or amphoterin B at 25°
C. are summarized in Table 28.

TABLE 28

Hemolysis of RBCs
in solution

Solution relative to water (%)
5 mg/ml minocycline, 10 equiv Mg, pH 3.5 0.88

2.5 mg/ml minocycline, 10 equiv Mg, pH 1.12

35

0.5 mg/ml minocycline, 10 equiv Mg, pH 2.20

35

5 mg/ml minocycline, 5 equiv Ca, pH 3.64
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TABLE 28-continued

32
TABLE 29-continued

Hemolysis of RBCs
in solution

Solution relative to water (%)
2.5 mg/ml minocycline, 5 equiv Ca, pH 0.86

3.64

0.5 mg/ml minocycline, 5 equiv Ca, pH 4.92

3.64

5 mg/ml minocycline, saline, pH 4.17 81.64

2.5 mg/ml minocycline, saline, pH 4.17 84.37

0.5 mg/ml minocycline, saline, pH 4.17 43.82
Amphoterin B 101.31

Hemolysis of RBCs was reduced in an in vitro model of
venous phlebitis with minocycline solutions formulated with
divalent cations compared to minocycline solutions formu-
lated without divalent cations.

In another set of experiments, hemolysis of rabbit RBCs
was measured after exposure to 2.5 mg/ml minocycline for-
mulated with different rations of divalent cations (MgCl,,
MgSO,, or CaCl,). Hemolysis was compared to Minocycline
HCI; Triton-x and H,O were used as positive controls. Results
are summarized in Table 29 and shown in FIGS. 4-6.

10

15

20

2.5 mg/ml minocycline

solution
Molar ratio Hemolysis of RBCs in solution

Cation cation:minocycline relative to water (%)
CaCl, 1:2 75.22
1:1 83.89
2:1 50.84
3:1 26.58
5:1 1.16
7:1 0.75
10:1 0.40
Minocycline only 3744
Triton-x 97.82

FIG. 3 and FIG. 4 show the degree of rabbit RBC hemolysis
produced by minocycline formulated in different ratios of
MgSO, or MgCl,, respectively, compared to Minocycline
only. The data indicates that a 5:1 molar ratio of magnesium
to minocycline or greater inhibits the RBC hemolysis
observed with minocycline alone. Minocycline (minocin)
produced a relative RBC hemolysis of 37%. FIG. 5 shows the
degree of rabbit RBC hemolysis produced by minocycline
formulated in different ratios of CaCl,. This data shows that a

TABLE 29 25 5:1 molar ratio of calcium to minocycline inhibits the RBC
hemolysis observed with minocycline HCI alone.
2.5 mg/ml minocycline Overall, these data all suggest that high molar ratios (e.g.,
solution a 5:1 molar ratio or greater) of divalent cation (Mg*> or Ca*?)
Molar ratio Hemolysis of RBCs in solution to minocycline results in significant inhibition of rabbit RBC
Cation cation:minocycline relative to water (%) 30 hemolysis observed with minocycline HCL
w01 a2 Exampie
2:1 40.87
31 25.67 Solubility of Minocycline with Divalent Cations
5 i s
101 019 Mixtures were prepared containing minocycline and diva-
MgCl, 12 46.91 lent cations (Mg>* or Ca**) at varying stoichiometry and pH.
1:1 63.77 The solubility of minocycline was assessed according to the
2:1 74.87 turbidity of the mixture at 0 hr, 24 hr, 48 hr, 72 hr, 96 hr, 120
zi 632 40 hr, 144 hr, and 168 hr. A clear solution denoted complete
71 157 solubility. Table 30 summarizes data for minocycline with
10:1 0.35 Mg>* at O hr and 24 hr. Table 31 summarizes data for minocy-
cline with Ca** at O hr and 24 hr.
TABLE 30
Molar ratio cation (Mg?*):Minocycline
0 1:2 1:1 2:1 3:1 5:1 7:1 10:1
Time (hr) 0 24 0 24 0 24 0 24 0 24 0 24 0 24 0 24
1 mg/ml pH4 o o c o o o o o
minocycline pHS o o c o o o o o
pH6 o o c o o o o o
pH7 o o c o o o o o
5 mg/ml pH4 ¢ ¢ © © © © o © o © o ©o o o o o
minocycline pHS ¢ ¢ © ¢ © © © © ©© o© © o ©o o o o
pH 6 o o . . . . . . . . o . o . o o
10 mg/ml pH4 ¢ ¢ © © © © o © o © o ©o o o o o
minocycline pHS ¢ ¢ © ¢ o * o * o * o o ©o o o o
pH 6 o o . . . . . . . . . . . . . .
20 mg/ml pH4 o » c o o o o
minocycline pHS o o o * o * o
30 mg/ml pH4 o » c o o o o o
minocycline pHS o ¢ c * o °* o *

@®: insoluble;
O: soluble
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TABLE 31
Molar ratio cation (Ca>*):minocycline
0 1:2 1:1 2:1 3:1 5:1 7:1 10:1
Time (hr) 0 24 0 24 0 24 0 24 0 24 0 24 0 24 0 24
1 mg/ml pH4 o o c o o o o o
minocycline pHS5 o o c o o o o o
pH6 o o c o o o o o
pH7 o o o * o * o *
5 mg/ml pPH4 ¢ © ¢ © © ¢ © o o o o o ©o o o o
minocycline pH5S ¢ ¢ © © © © © © © o © o o o o o
pPH6 ¢ o ®* © © © © o ©o o o o o o o o
10 mg/ml pH4 ¢ o o o o o
minocycline pH5S ¢ o ¢ o o o
pPH6 o o o o o o
20 mg/ml pH4 o c o o o o o
minocycline pHS5 o o c o o o o o
30 mg/ml pH4 o c * o * o *
minocycline pHS5 o ¢ c o o o o o
@®: insoluble;
O: soluble
The data demonstrates that minocycline stays in solution TABLE 33
upon introduction of a cation at concentrations of 10 mg/ml
and less if the pH is less than 5. At higher pH, introduction of 5 Formu- - ] e
a cation initially reduces solubility. For example, a 5 mg/ml lation Stability of tigecycline (%)
minocycline solution at pH 6 becomes insoluble on addition stored 0 1 5 5 7 14
of Mg**. Surprisingly, at a molar ratio of cation:minocycline Salt at 37° C. day  day days days days  days
of 5:1 or more, the minocycline of such solutions becomes
v y . . . MgCl, 12 eq 20 97.97 97.43 9637 92.63 8841
solubk:., suggesting th?t high ratios of cation increases the 3, mg/mL.
solubility of minocycline. 5eq20 98.09 97.38 9642 88.64 81.62
Table 32 summarizes data for minocycline with Mg>* at 48 mg/mL
hr and 72 hr.
TABLE 32
Molar ratio cation (Mg®*):minocycline
0 1:2 1:1 2:1 3:1 5:1 7:1 10:1
Time (hr) 48 72 48 T2 48 72 48 T2 48 T2 48 72 48 T2 48 72
1 mg/ml pH 4 o o ©c o o© o o o
minocycline pH S o o ©c o o© o o o
pHO6 o o c o o o o o
pH7 o o c o o o o o
5 mg/ml pH 4 © ©o © © © © © © © o ©o o ©o o o o
minocycline pH S o o * ¢ ©o © ©o © ©o o ©o o o o o
pH 6 6 o e e e e e ¢« e e e e « e e e
10 mg/ml pH 4 * o ©o © © © © © o©o© ©o o©o o o o o o
minocycline pH S ¢+ g * s+ e s e s e 5 e 5 & 5 g
pHm6 o ¢« e e e e « e e e . « .
20 mg/ml pH 4 ¢ . ©c o o© o o o
minocycline pH S ¢ . L
30 mg/ml pH 4 ¢ . ©c o o© o o o
minocycline pH S ¢ . L
@®: insoluble;
O: soluble
55
Example 10 TABLE 33-continued
g . . . FOImu_
Long-Term Stability of Tigecycline at Various lation Stability of tigecycline (%)
Temperatures
60
stored 0 1 2 5 7 14
Table 33, Table 34, and Table 35 show percentage remain- Salt at37°C. day  day days days days days
ing tigecycline for different formulations of tigecycline at pH 2eq20 0705 0728 041 8059 6988
6, stored at 37° C., room temperature, and 4° C., respectively. mg/mL
Formulations of tigecycline comprising increasing concen- 65 12eq3 98.17 98.05 97.08 93.78 88.16
trations of tigecycline and increasing concentrations of CaCl, mg/mL

showed increased stability.
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TABLE 33-continued TABLE 35-continued
Formu- Formu-
lation Stability of tigecycline (%) lation Stability of tigecycline (%)
stored 0 1 2 5 7 14 5 stored 0 14 28 35 58 162
Salt at 37° C. day day days  days days  days Salt at4° C. day day days  days days  days
Seq3 983 9772 9677 8697 73.76 5eq20 98.09 9622 78.05 69.76
mg/mL mg/mL
2eq3 98.21 9722 9375 6221 4531 2eq20 9795 91.23 5438 4333
mg/mL 10 mg/mL
CaCl, 12eq 20 983 98 97.63 961 9524 9144 12eq3 98.17 9776 9576 9419 80.31
mg/mL mg/mL
5eq 20 98.16 9775 97.4 9582 9481 89.26 5eq3 983 9748 9175 8621
mg/mL mg/mL
2eq 20 98.25 97.85 97.22 9528 93.64 88.61 2eq3 9821 9623 84.6 7681
mg/mL 15 mg/mL
12eq3 98.29 98.03 97.74 9679 9592 91.07 CaCl, 12eq 983 9828 9778 97.61 97.87 964
mg/mL 20
Seq3 98.21 97.96 97.32 9537 9442 8636 mg/mL
mg/mL 5eq20 98.16 97.97 97.65 9779 9778 95.22
2eq3 98.17 97.74 9657 9299 90.22 mg/mL
mg/mL 2eq20 98.25 98.08 97.69 978 9775 949
ZnCl, leq20 98.26 97.19 93.86 8102 7241 20 mg/mL
mg/mL 12eq3 98.29 9837 9816 9779 9815 97.27
leg3 98.29 97.88 9673 86.5 7432 mg/mL
mg/mL 5eq3 9821 9817 97.97 9776 97.99 96.75
mg/mL
2eq3 98.17 9814 97.45 97.53 97.56 93.35
25 mg/mL
TABLE 34 ZnCL, 1eq 20 98.26 77.12 53.06 45.63
mg/mL
Formu- leq3 98.29 9773 96.38 95.02 88.53
lation mg/mL
stored
at room Stability of tigecycline (%) 30
temper- 0 7 14 28 42 58 Example 11
Salt ature day days days days days days
MgClL, 12eq 20 97.97 9656 934  79.44 Solubility of Tetracycline Formulations
mg/mL 35
ISH ;‘/1 Hfg o809 94z B217 The solubility of four non-dimethlyamino tetracyclines,
26q 20 9795 8757 67.91 With and.without Mg**, was examined. The results are sum-
mg/mL marized in Table 36.
12eq3 98.17 9722 9491 80.14
mg/mL
Seq3 983 9645 89.91 40 TABLE 36
/mL
rznfqn; 0801 92.66 66.91 Molar ratio cation (Mg?*):antibiotic
mg/mL 111 21 31 51 71 10-
CaCl, 12eq20 983 9791 97.36 95.69 9532 9302 0 031 Ll 21 30 5:1 71 10:1
mg/mL 10 me/ml H4 o . L S )
5eq20 98.16 9788 97.23 9524 9408 9078 45 oo Pos . i .
mg/mL 7 PH 6 o . e e e e « .
2eq 20 98.25 97.97 97.08 9442 93.08 87.95 10 mg/ml gH4 . IS
mg/mL chlortetracycline pHS LI
12eq3 98.29 9801 97.7 9637 9578 93.67 pHG o . .
mg/mL 10 mg/ml pH4 o LI
Seq3 98.21 97.84 97.29 9539 9422 9037 .
50 doxycycline pHS5 o ¢ e
mg/mL pHO6 ot of o
2eq3 98.17 9753 9647 92.85 90.07 79.52 10 mg/ml pH4 o e e .
mg/mL oxytetracycline pHS5 ¢ o o
ZnCl, leq20 98.26 8244 65.73 Hs o . oo .
mg/mL P
leq3 9829 97.11 93.1 55 @ insoluble
mg/mlL O: soluble;
#fell out of solution after 24 hrs at room temperature
TABLE 35 A comparison with the results fqr mmocychne descrlbf:d in
Example 9 indicates that non-dimethylamino-tetracylines,
Formu- . . . 60 such as tetracycline, chlortetracycline, doxycycline, and
lation Stability of tigeeveline (%6) oxytetracycline have solubility characteristics that differ
stored 0 14 28 35 58 162 fyom .dlmethylamlno-tetra.cyhnes. .For. example, as summa-
Salt at4° C. day  day days days days days rized in Table 36, tetracycline remains insoluble at various pH
o > 97 orcs 9e1c 936 s90s and amounts of a divalent cation such as Mg*. Chlortetracy-
g % 4 : : : : : 65 cline becomes soluble with increasing concentrations of a
mg/mL divalent cation, but remains insoluble in the absence of any

divalent cation, such as Mg**. Doxycycline is soluble in the
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absence of divalent cations, such as Mg>*, but is insoluble in
the presence of divalent cations at low pH. Similarly, oxytet-
racycline remains insoluble in the presence of divalent cat-
ions, such as Mg>*, at low pH.

Example 12

Study of the Effect of Mg?* on the Uptake of
Minocycline in Human Umbilical Vein Endothelial
Cells (HUVEC)

Cells and reagents: Human umbilical vein endothelial cells
(HUVEC) were purchased from Lonza and maintained
according to manufacturer’s recommendations in EGM-2
media. A 10 mg/mL solution of minocycline was prepared in
13.6 mg/ml. Na-acetate without addition of Mg. This stock
solution was further diluted in saline to 1 mg/ml with addi-
tion of Mg in the form of 1 M MgSQO, to generate the follow-
ing molar ratios of Mg to minocycline: 0, 1, 2.5, 5, 10, 25.

Uptake experimental conditions: HUVECs were seeded at
4.5x10° cells/well density in 6-well plates in EGM-2 media.
Two days after seeding, cells were washed once with 2 mL of
saline, and then 2 mL of 1 mg/ml drug solution in saline
prepared as described above was placed in each well in trip-
licate. Plates were incubated in a CO, incubator at 37° C. for
30 min. Drug solutions were aspirated and cells were washed
once with 2 mL of saline. 0.5 mL of saline was placed in each
well and the cell monolayer was scraped using a plastic cell
scraper. Cell suspensions were transferred to 1.5 mL plastic
tubes and sonicated for 30 sec at maximal power. Cell lysates
were spun down for 10 min on a table top microcentrifuge at
maximum speed and supernatants were collected. Several
wells of HUVEC cells were treated with saline only and
processed the same way as drug-treated cells to generate
mock cell lysate which was used below for calibration curve
preparation.

Sample preparation for LCMS analysis: To prepare a cali-
bration curve, 1 mg/ml, minocycline solution in water was
diluted in mock cell lysate to produce 100 pl of standards with
the following concentrations: 10, 5,2, 1, 0.5, 0.2, 0.1, 0.05,
0.02, 0.01 pg/ml.

50 Wl of supernatants from drug-treated samples or stan-
dards were mixed with 200 pl of 1% trifluoroacetic acid in
acetonitrile containing 1 pg/ml of gatifloxacin, vortexed and
centrifuged at 3000 g for 30 min at RT. 150 ul of supernatants
was removed and mixed with 450 ul of water. After vortexing,
the mixture was centrifuged at 3000 g for 5 min at RT. Super-
natants were collected and subjected to LCMS analysis to
determine minocycline concentration.

Data processing: Uptake data were presented as percentage
relative to the sample with no Mg present, which was consid-
ered as 100%.

Uptake of minocycline at 1 mg/mlL in saline with various
Mg/minocycline ratios was tested in HUVEC with an incu-
bation time was 30 min. The results are summarized in FIG.
6 and FIG. 7. FIGS. 6 and 7 demonstrate that a decrease in
intracellular uptake of minocycline is observed as the con-
centration of a divalent cation, such as Mg>* increases. While
not being bound by any particular theory, this result suggests
that the mechanism for the reduction in hemolysis observed in
the minocycline/cation formulations described herein may be
attributed to reduced RBC uptake.
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Example 13

Preparing Certain Formulations of
Dimethylamino-Tetracylines

Formulation 1

A formulation comprising minocycline with MgCl, and
NaOH suitable for intravenous administration is prepared.
100 mg minocycline is added to a 10 ml aqueous solution of
MgCl,.6H,0 to provide a cation to minocycline molar ratio
of' 5:1 and a 10 mg/ml minocycline solution. The pH of the
mixture is adjusted by adding NaOH to a pH in the range of
pH 4.5-pH 5.5. A single attempt of lyophilization resulted in
a non-flocculent solid.

Formulation 2

A formulation comprising minocycline with MgSO, and
sodium acetate suitable for intravenous administration is pre-
pared. 100 mg minocycline is added to an aqueous solution of
MgS0,,.7H,0 to provide a cation to minocycline molar ratio
of' 5:1 and a 10 mg/ml minocycline solution. The pH of the
solution is adjusted by adding sodium acetate to a pH in the
range of pH 4.5-pH 5.5. The solution is then lyophilized to
dryness. Reconstitution of the lyophile in 10 ml water results
in a solution having a pH in the range of pH 4.5-pH 5.5 and an
osmolality in the range of 275 mOsm/kg-375 mOsm/kg.

Formulation 3

A formulation comprising minocycline  with
Mg(C,H;0,), suitable for intravenous administration is pre-
pared. 100 mg minocycline is added to an aqueous solution of
Mg(C,H;0,),.3H,0 to provide a cation to minocycline
molar ratio of 5:1 and a 10 mg/ml minocycline solution. The
solution is then lyophilized to dryness.

Formulation 4

A formulation comprising minocycline with MgSO,, and
NaOH suitable for intravenous administration is prepared.
100 mg minocycline is added to an aqueous solution of
MgS0,,.7H,0 to provide a cation to minocycline molar ratio
of' 5:1 and a 10 mg/ml minocycline solution. The pH of the
solution is adjusted by adding NaOH to a pH in the range of
pH 4.5-pH 5.5. The solution is lyophilized to dryness. Recon-
stitution of the lyophile in 10 ml water results in a solution
having a pH in the range of pH 4.5-pH 5.5 and an osmolality
in the range of 150 mOsm/kg-250 mOsnv/kg.

Formulation 5

A formulation comprising tigecycline with MgSO,, and
NaOH suitable for intravenous administration is prepared. 50
mg tigecycline is added to 10 ml aqueous solution of
MgS0O,,.7H,O to provide a cation to tigecycline molar ratio of
5:1. The pH of the solution is adjusted by adding NaOH to a

0 pH in the range of pH 5.5-pH 6.5. The solution is then lyo-
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philized to dryness. Reconstitution of the lyophile in 10 ml
water results in a solution having a pH in the range of pH
5.5-pH6.5.

Formulation 6

A formulation comprising tigecycline with MgSO,, and
NaOH suitable for intravenous administration is prepared. 50
mg tigecycline is added to 10 ml aqueous solution of
MgS0O,,.7H,O to provide a cation to tigecycline molar ratio of
12:1. The pH of the solution is adjusted by adding NaOH to a
pH in the range of pH 5.5-pH 6.5. The solution is then lyo-
philized to dryness. Reconstitution of the lyophile in 10 ml
water results in a solution having a pH in the range of pH
5.5-pH6.5.

Formulation 7

A formulation comprising tigecycline with MgCl, and
NaOH suitable for intravenous administration is prepared. 50
mg tigecycline is added to 10 ml aqueous solution of
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MgCl,.6H,0 to provide a cation to tigecycline molar ratio of
5:1. The pH of the solution is adjusted by adding NaOH to a
pH in the range of pH 5.5-pH 6.5. The solution is then lyo-
philized to dryness. Reconstitution of the lyophile in 10 ml
water results in a solution having a pH in the range of pH
5.5-pH6.5.

Formulation 8

A formulation comprising tigecycline with MgCl, and
NaOH suitable for intravenous administration is prepared. 50
mg tigecycline is added to 10 ml aqueous solution of
MgCl,.6H,0 to provide a cation to tigecycline molar ratio of
12:1. The pH of the solution is adjusted by adding NaOH to a
pH in the range of pH 5.5-pH 6.5. The solution is then lyo-
philized to dryness. Reconstitution of the lyophile in 10 ml
water results in a solution having a pH in the range of pH
5.5-pH6.5.

Formulation 9

A formulation comprising tigecycline with MgSO,, and
NaOH suitable for topical administration is prepared. 50 mg
tigecycline is added to 10 ml aqueous solution of
MgS0O,,.7H,Oto provide a cation to tigecycline molar ratio of
5:1. The pH of the solution is adjusted by adding NaOH to a
pH in the range of pH 6.0-pH 7.0. The solution is then lyo-
philized to dryness. Reconstitution of the lyophile in 10 ml
water results in a solution having a pH in the range of pH
6.0-pH 7.0.

Formulation 10

A formulation comprising tigecycline with MgSO,, and
NaOH suitable for topical administration is prepared. 50 mg
tigecycline is added to 10 ml aqueous solution of
MgS0O,,.7H,Oto provide a cation to tigecycline molar ratio of
12:1. The pH of the solution is adjusted by adding NaOH to a
pH in the range of pH 6.0-pH 7.0. The solution is then lyo-
philized to dryness. Reconstitution of the lyophile in 10 ml
water results in a solution having a pH in the range of pH
6.0-pH 7.0.

Formulation 11

A formulation comprising tigecycline with CaCl, and
NaOH suitable for topical administration is prepared. 50 mg
tigecycline is added to 10 ml aqueous solution of CaCl,.6H,O
to provide a cation to tigecycline molar ratio of'5:1. The pH of
the solution is adjusted by adding NaOH to a pH in the range
ofpH 6.0-pH 7.0. The solution is then lyophilized to dryness.
Reconstitution of the lyophile in 10 ml water results in a
solution having a pH in the range of pH 6.0-pH 7.0.

Formulation 12

A formulation comprising tigecycline with CaCl, and
NaOH suitable for topical administration is prepared. 50 mg
tigecycline is added to 10 ml aqueous solution of CaCl,.6H,O
to provide a cation to tigecycline molar ratio of 12:1. The pH
of the solution is adjusted by adding NaOH to a pH in the
range of pH 6.0-pH 7.0. The solution is then lyophilized to
dryness. Reconstitution of the lyophile in 10 ml water results
in a solution having a pH in the range of pH 6.0-pH 7.0.

Example 14
Minocycline Kits

Kit 1

A kit is prepared comprising two vials. The first vial is
prepared by dissolving 108 mg minocycline HCI in an acidic
solution. The solution is lyophilized to dryness. The second
vial contains 10 ml diluent that includes 26.9 mg/ml
MgS0,.7H,0 and 13.6 mg/ml. Na(C,H,;0,),.3H,0. The
lyophile is then reconstituted with the diluent prior to use.
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Kit 2

A kit is prepared comprising two vials. The first vial is
prepared by dissolving 108 mg minocycline HCI in an acidic
solution. The solution is lyophilized to dryness. The second
vial contains 10 ml diluent that includes 26.9 mg/ml
MgS0O,,.7H,0 and enough NaOH to adjust the pH to approxi-
mately 5. The lyophile is then reconstituted with the diluent
prior to use.

All references cited herein, including but not limited to
published and unpublished applications, patents, and litera-
ture references, are incorporated herein by reference in their
entirety and are hereby made a part of this specification. To
the extent publications and patents or patent applications
incorporated by reference contradict the disclosure contained
in the specification, the specification is intended to supersede
and/or take precedence over any such contradictory material.
The term “comprising” as used herein is synonymous with
“including,” “containing,” or “characterized by,” and is inclu-
sive or open-ended and does not exclude additional, unrecited
elements or method steps. All numbers expressing quantities
of ingredients, reaction conditions, and so forth used in the
specification are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated
to the contrary, the numerical parameters set forth herein are
approximations that may vary depending upon the desired
properties sought to be obtained. At the very least, and not as
an attempt to limit the application of the doctrine of equiva-
lents to the scope of any claims in any application claiming
priority to the present application, each numerical parameter
should be construed in light of the number of significant digits
and ordinary rounding approaches.

The above description discloses several methods and mate-
rials of the present invention. This invention is susceptible to
modifications in the methods and materials, as well as alter-
ations in the fabrication methods and equipment. Such modi-
fications will become apparent to those skilled in the art from
a consideration of this disclosure or practice of the invention
disclosed herein. Consequently, it is not intended that this
invention be limited to the specific embodiments disclosed
herein, but that it cover all modifications and alternatives
coming within the true scope and spirit of the invention.

What is claimed is:

1. A method of treating a bacterial infection in a subject,
wherein the method consists of:

administering a therapeutically effective amount of a com-

position to a subject in need thereof via an intravenous
route of administration,

wherein the composition consists of an aqueous solution

consisting of minocycline or a salt thereof, a salt that
comprises a magnesium cation, and a base,

wherein the molar ratio of magnesium cation to minocy-

cline is greater than about 4:1, and
wherein the composition has a pH that is no less than 4 and
no greater than 6,

whereby injection site hemolysis of red blood cells is
reduced relative to intravenous administration of a com-
position that does not include magnesium.

2. The method of claim 1, wherein the concentration of
minocycline in the composition is at least 0.1 mg/ml.

3. The method of claim 1, wherein the concentration of
minocycline in the composition is at least 1 mg/ml.

4. The method of claim 1, wherein the concentration of
minocycline in the composition is at least 5 mg/ml.

5. The method of claim 1, wherein the concentration of
minocycline in the composition is at least 10 mg/ml.

6. The method of claim 1, wherein the composition has a
pH between about 4.5 to about 6.
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7. The method of claim 1, wherein the composition has a
pH between about 4.5 to about 5.5.

8. The method of claim 1, wherein the molar ratio of
magnesium cation to minocycline is greater than or equal to
5:1.

9. The method of claim 1, wherein the molar ratio of
magnesium cation to minocycline is from 5:1 to 10:1.

10. The method of claim 1, wherein the osmolality of the
solution is less than 500 mOsm/kg.

11. The method of claim 1, wherein the osmolality of the
solution is less than 400 mOsm/kg.

12. The method of claim 1, wherein the osmolality of the
solution is less than 350 mOsm/kg.

13. The method of claim 1, wherein the salt that comprises
a magnesium cation is magnesium sulfate.

14. The method of claim 1, wherein the salt that comprises
a magnesium cation is magnesium acetate.

15. The method of claim 1, wherein the salt that comprises
a magnesium cation is magnesium chloride.

16. The method of claim 1, wherein the base is NaOH.

17. The method of claim 1, wherein the total volume of the
composition administered is less than 1000 ml.

18. The method of claim 1, wherein the total volume of the
composition administered is less than 500 ml.

19. The method of claim 1, wherein the total volume of the
composition administered is less than 200 ml.
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20. The method of claim 1, wherein the total volume of the
composition administered is less than 110 ml.

21. The method of claim 1, wherein the composition is
administered in less than 60 minutes.

22. The method of claim 1, wherein the composition is
administered in less than 40 minutes.

23. The method of claim 1, wherein the composition is
administered in less than 20 minutes.

24. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 80 mg.

25. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 100 mg.

26. The method of claim 1, wherein the amount of minocy-
cline in the composition is about 100 mg.

27. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 130 mg.

28. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 200 mg.

29. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 300 mg.

30. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 400 mg.

31. The method of claim 1, wherein the amount of minocy-
cline in the composition is at least 500 mg.

#* #* #* #* #*



